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Calculation of the Motion of an Airplane Under the Influence of 
Irregular Disturbances 


ROBERT T. JONES, Langley Field, Virginia 


(Received August 17, 1936) 


SUMMARY 


HE paper illustrates the application of mathemati- 

cal advances made in electricity and other branches 
to problems of airplane dynamics. The Heaviside- 
Bromwich methods of solution of differential 
equations are described and it is shown how these 
methods avoid the consideration of boundary conditions 
and of particular or complementary integrals. It is 
pointed out that if the solution of the differential equa- 
tion is obtained for the case of a unit disturbance, the 


linear 


effect of varying disturbances may be found therefrom 
by Carson’s Theorem. A graphical solution of Carson's 
Integral for irregular disturbances is given. 

The procedure of obtaining unit solutions of the 
equations is then taken up and the analogy between 
Heaviside’s symbolic series solution and a physical pro- 
cedure of approximation is shown. It is suggested 
that a fictitious impulsive disturbance be used in the 
treatment of initial motions. Bromwich’s interpretation 
of the operational method is briefly described and the 
expression of the irregular disturbance functions by 
definite integrals is shown. 


DEFINITIONS 


(y—Equilibrium flight velocity. 
w—Linear velocity in plane of symmetry of air- 
plane and normal to U>. 

P—Rolling angular velocity of 
Uy as axis). 


( About 


airplane. 
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y—Pitching angular velocity of airplane. (About 
axis normal to Uy and to the plane of symmetry ). 
L—Rolling moment per unit moment of inertia of 
airplane. 
Z—Force per unit mass of airplane. 
dp dw 


The use of some mathematical discipline in the study 


(Along w). 


etc, 


oft disturbed motions of airplanes seems essential if a 
consistent advance in the improvement of airplane 
flying and handling qualities is to be made. The study 
of stability alone has thus far not been of very great 
usefulness in this respect partly because it has been 
difficult to establish the interpretation of the mathe- 
matical definition of stability in terms of control and 
flying qualities. 

A study of the specific effects of disturbances and 
control manipulations is in many respects more instruc- 
tive than the study of stability alone. A calculation of 
the motion of the airplane gives a comprehensible 
result; in terms of velocities, accelerations, etc., while 
the stability calculation must be considered incomplete 
as it yields only an indication of the character of the 
free motion. Thus it appears that the study of airplane 
dynamics may be more profitable if the question of 
stability is subordinated to specific questions involving 
the effects of gusts and control manipulations. 

It has been considered that the representation of the 
motions of an airplane under the influence of irregular 
disturbances would require a prohibitive labor of cal- 
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culation. Such differential equations as occur in air- 
plane dynamics are, however, of the same form as those 
used in certain problems of electricity and in other 
branches and many of the advances made there can be 
adapted to aeronautical problems. It will be seen that 
these advances result in very practical simplifications 
of the mathematical procedure. 

The question of the solution of differential equations 
arises in the study of airplane dynamics because it is 
easier to write expressions for the detailed component 
accelerations of an airplane in motion than it is to write 
expressions giving the movements directly. The analy- 
sis of the problem, the expression of equations for the 
component accelerations, consists simply in attributing 
a component of reaction in each degree of freedom of 
the airplane to each component of motion or displace- 
ment. The analysis need not be restricted to the air- 
plane as a rigid body, for component deformations of 
the machine may often be treated as additional degrees 
of freedom. 

According to Bryan's theory of airplane stability the 
component reactions are considered to be directly pro- 
portional to the displacements or motions. Originally 
this assumption was used in application to vanishingly 
small motions since the consideration of such motions 
was sufficient to etablish the stability of steady flight. 
The latter advance of aerodynamics has shown that the 
simple linear laws of variation of aerodynamic reac- 
tions with the motions should give good approximation 
for movements of the airplane such as are encountered 
in ordinary maneuvering. Hence the theory was 
extended to the caluculation of unsteady motions of air- 
craft in general. 

The assumption of linear laws of aerodynamic reac- 
tion (together with other commonly used simplifying 
assumptions ) leads to the representation of the accelera- 
tions of a disturbed airplane by linear differential equa- 
tions. It is usually necessary to consider several com 
ponent motions simultaneously, since a movement of the 
airplane in one degree of freedom generally reacts on 
and modifies the movements in other degrees. Thus one 
is led to a set of simultaneous equations. The para- 
meters of these equations, expressing the proportions 
between motions and air forces or moments, are termed 
“stability derivatives.” 

The set of equations containing only the reactions 
that the airplane naturally receives when displaced from 
equilibrium flight are the so-called “complementary 
equations” and are those used in the study of stability. 
This set of equations has a whole family of possible 
solutions. The possible solutions of a set of comple- 
mentary equations do have one unique characteristic 
however, and that is the indication as to whether or not 
the natural free oscillations of the airplane tend to 
diminish with time. 

If it is desired to calculate the motion of an airplane 
due to some disturbing influence, such as a gust or a 
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wW a(t) 


2) t 
DISTURBANCE (1) LYFET OF (1) 


u(t) 


DISTURBANCE (2) OF (2) 


oz 


DISTURBANCES COMBINED 
COMBINED LFFECT 


+ 


Itc. 1. The superposition of disturbed motions. 


manipulation of the control, it is necessary to include 
terms in the equations that express the component 
accelerations attributed to the disturbance. Thus in 
the case of a deflected control the known moment 
exerted (per unit moment of inertia of the airplane) is 
added to the other terms in the appropriate equation. 
Such disturbing reactions must be given in terms of the 
time before the equations can be solved. The equation 
expressing the acceleration in free pitching motion is: 

dq 


wM, — =0 


If, however, a disturbing pitching moment due to the 
elevator, say, is acting, the equation is written: 


wM, 


—qM, = MW 


and it is implied that the right hand side is a function 
of 

Although the component motions of the airplane 
mutually interfere and must be calculated simultaneous!) 
(that is, by simultaneous differential equations), the 
effects of component disturbances may be calculated 
separately and later added in any desired proportion. 
Thus if a given impressed rolling moment, acting alone, 
causes a 20° bank of the airplane in one second and a 
given yawing moment, also acting alone, produces 5° of 
bank in the same time the combined effect of both acting 
simultaneously will be a 25° bank. 

A somewhat similar statement may be made with 
regard to the effects of disturbances that are not applied 
simultaneously, viz.; that if a given disturbance whicli 
arises at the time ¢=0 is later augmented in some 
ainount the effect of the increment of disturbance will 
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L(t) 10) 


t 0 


L(t) Sn nt 


Fic. 2. Simple types of disturbances. 


run its course independently of the effect of the original 
disturbance. Thus in a problem involving the correc- 
tion of a gust disturbance by a manipulation of the con- 
trol a history of the motion due to the uncorrected gust 
may be calculated and an entirely independent motion, 
due to the assumed corrective control manipulation, 
added later at any desired point. Fig. 1 illustrates 
this principle. 

These important characteristics of the dynamical sys- 
tem regarding the superposition of effects of disturb- 
ances lead to the consideration of the effect of a simple 
“unit disturbance.” The concept of a disturbing accele- 
ration of unit magnitude applied instantly at the time 
‘=O to a dynamical system otherwise at rest is 
attributed to Heaviside, who employed it in the develop- 
ment of his Operational Calculus. Carson' utilized this 
concept to calculate the effect of a varying disturbance 
of arbitrary form. 

The unit disturbance, otherwise known as the “unit 
function,” is defined by: 


1(t) = O when t < 0 


1(t) = 1 whent > 0 (1) 
(see Fig. 2). 

In Electricity this symbol is used to denote a unit 
cin.f. instantly applied at The corresponding 
use in Aeronautics would be to denote a unit impulsive 
linear or angular acceleration. 

As an example of the application of this concept sup- 
pose that it is required to find the combined pitching 
motion (q) and the vertical translation (zw) of an air- 
plane due to the sharp edged vertical gust of (con- 
stant) velocity «.. The simultaneous equations for 
these motions are: 

dw 


“dt wZy — + Ur) = Whe 


The procedure is to perform the calculation with a 
unit disturbance substituted into the first equation, thus 


— wl, — + U) =10 

(3) 
d 
— wM,, — qM, = 0 


‘|. R. Carson, Electric Circuit Theory and Operational 
Calculus, McGraw-Hill Book Company, 1926. 


_AMPRESSEO 
_DISTURBANCE 


“| zw 


O x 


Fic. 3. Carson's integral. 


If the motions thus calculated are 
Wiz (t) and qz 


and the motions calculated for a unit disturbance sub- 
stituted into the second equation are 


wine (t) and (0), 
then the motions due to the gust zw. may be found from: 
w(t) = Zowiz(t) + 
g(t) = Zogiz(t) + Moqias(t) 

Carson’s Theorem’, which enables the calculation of 
motion due to any irregular variation of disturbance, 
is simply a statement of the generalized superposition 
theorem in terms of a definite integral. Let w(t) be 
the motion calculated for a unit disturbance 1(#), and 
suppose that it is desired to find the motion w(t) due 
to some varying disturbance, say Z(t). According to 


(4) 


Carson's Theorem 
t 
w(ty) = Z(0) +f" — t) Z'(t) dt, (5) 


where zw (ft) is the motion at the time (ft) after 
the impression of the unit disturbance. (See Fig. 3.) 

In the most general case the impressed disturbance 
will be given as a function of the time simply by a 
curve, as in Fig. 4 (curve B). If the “indicial motion,” 
or motion of the system due to a unit disturbance, is 
also given by a curve (curve 4) the two may be com- 
bined by a simple artifice and the general solution 
obtained by a graphical integration.* For this purpose 

* This novel graphical construction is due to the author’s asso- 


ciate, Mr. A. I. Nerken. 


\ ‘ 

— 
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= 
ug(t-t) = 


| 


wit) = (4-1) oat) 


Fic. 4. Diagram illustrating calculation of motion by 
Carson's theorem. 


the integral of Iq. (5) is expressed in the alternative 
form; 
| 


w(to) = w — t) dZ(t) 


The procedure of finding the motion at several instants 
consists in plotting curves of 


— t) = f[Z(t)] (7) 


for various values of the parameter f. The area under 
any one of these curves is obviously w(fo). (See Fig. 
4.) 

Points of the curves of Eq. (7) may be readily 
located if the two diagrams w(t) and Z(t) have 
equal time scales and are placed with these scales at 
90°, as in Fig. 4. Lines from the ordinates of the Z(t) 
curve corresponding to various values of ¢ are projected 
upward from this diagram and similar lines correspond- 
ing to equal time intervals on the w.(f) curve are pro- 
jected across, intersecting the former lines at right 
angles. Lines of both sets are identified by the time 
instants to which they correspond. <A series of inter- 
sections such that the time instants sum to f can then 
be located and they define the curve zwi(ft.—?t) vs. Z(t). 
Fig. 4 shows such curves for fo = 2% and 4. 

It is evident from the foregoing considerations that 
solutions of the differential equations of airplane motion 
need be obtained only for the case of a unit disturbance. 
The motion caused by any arbitrary or irregular dis- 
turbance then follows by simple principles. 


For an illustration of this solution of the equations 
let us take the simple case of an airplane free to move 
only in rolling. The rolling motion p following the 
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application of a unit disturbance must satisfy the fol- 
lowing differential equation : 

—pl, = 10) (8) 
where Ly is the damping derivative in rolling. Obvi- 
ously the motion will start with the angular accelera- 
tion | and, as a definite rate of rolling is acquired, will 
be decelerated in an amount proportional to the rate at 
each instant. The solution of this equation may be 
demonstrated by a process of successive approximations. 
Suppose that for the first approximation we calculate 
the rolling by neglecting the damping factor entirely ; 
the value thus found will be 


fa (t) dt (9) 


or, simply, p = ft. As a second approximation we use 
the value of p thus found to calculate a damping 
deceleration, viz: plp. The integral of this decelera- 
tion gives a decrement of / which may then be applied 
to the first approximation. The new approximation 
again requires correction because the value of p assumed 
in calculating the damping was too high. The suc- 
cessive steps may be represented by the following series: 


(10) 
The result of the integrations is obvious since Ly» is a 


constant. 


an 


The similarity between this series and the series for 
ev is recognized, A factor L, is needed and a term 1, 
hence 

Lyt 


€ 


(12) 


Heaviside’s power series soultion may be considered 
as a shorthand method of arriving at the foregoing 
result. In order to apply this method to more complex 
equations it is found convenient to introduce an abbre- 
viated notation for differentiation and integration with 
respect to time, viz: 

d 


dt —D, dé =; ete. 


f a=D*,f f =D; ete. 


It is to be noted that the operation indicated by this 
symbol obeys the formal laws of algebra so long as the 
derivative of a square or product is not required. The 
latter possibility is avoided in our equations since they 
are linear. 

With this preparation Eq. (8) may be written as 


Dp — Lyp = 1(t) (14) 
or 


— — 
W | 
TIME | 
; DISTURBANCE 1 | 
| | | | 
: | 
| 
| 
| 
| 
1 
| 
(B)- ARBITRARY 
4 
L, t? 2p 
p=t+ 
2! 3! 
@ 
(13) 
> 
al 
6 
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The fraction ()—L,)* is then expanded by the binomial 
theorem : 

(D — L,) = D* + Ly D* + L,2D* 4, ete. 
This result is obviously the same series of operations 
that were led to in obtaining successive approximations 
to the solution (Eq. (10)). Either result may be sum- 
marized by the formula 


(15) 


ye —— | 


eLi 
(D — Ly)" 10 =1) (16) 
4p 


A number of other symbolic formulas, each of which 
hears a relation to the solution of some linear differ- 
ential equation, may be devised by similar algebraic 
procedure. 

The recovery of an airplane from a given initial 
motion or displacement may be treated very simply by 
the consideration of another special type of disturbance. 
Consider the fictitious disturbance that would result 1 
the airplane suddenly acquiring a unit velocity or dis- 
placement at the time ¢ = 0: 

D1(t) = 0 when t < 0 

D1) = 

D = 0 when t > 0 
This function may be termed the “unit impulse” and 
may be used to represent a quantity of very large 
magnitude but of such short duration that its time 
Obviousiy the time integral of the 


x when t = 0 (17) 


integral is finite. 
unit impulse is the unit function 1(¢). 

The solution of Eq. (8) for the condition of a unit 
initial angular velocity in rolling may be obtained )y 


a method analogous to that previously given. Here 
one can write 
Dp — = 
P (18) 
D 
P= D-IL, 
Algebraic expansion of the right hand side gives simply : 
p = (19) 


The solution of complex systems of equations such 
as are frequently met in airplane dynamics is based on 
an extension of the algebraic manipulation of the 
“operator” 7) For simplicity the solution of Eqs. 
(3) can be illustrated: the extension of the procedure 
to equations of greater complexity will be obvious. 


Rewriting the equations in the new terminology, 


(D — Zw) w— (4, + = 


(20) 
— M,w + (D— M,)q = 0 
The algebraic resolution of the equations for w is: 
9 
which is of the form 
f(D) 
= FD) (22) 
The fraction ip may be expanded algebraically 


into a series of simpler operations just as the fraction 
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. was. A simple procedure is to resolve it into 
partial fractions. 
theorem (a theorem of algebra) : 


According to the partial fractions 


fir) 

F(x) F’(X) (23) 
where the 4's ate the roots of the polynomial equation 
F(a) =0. The restrictions on this theorem are (1) 
that the roots % be distinct and (2) that the polynomial 
I (x) be of higher degree in x than f(7). Applying 


this theorem to our fraction = we obtain: 
F(D)’ 


{D) NSS (t 
The part 1 has already been evaluated 
by the binomial expansion, Eq. (16), and the substitu- 
tion of that result gives 


f(D) f(A), f(r) 
FD) 1) =10[ NF’(A) (25) 


It is only necessary to note that the second term on 
the right is 
(See Eq. (2: 
(See Eq. (23) ) 


Then 


This general formula is known as the “Heaviside Ex- 
pansion Theorem” and is subject to the same restric- 
tions that apply to the algebraic theorem for expansion 
into partial fractions. 

The methods of solution thus demonstrated avoid the 
complication of adjustment to boundary conditions as 
well as the consideration of particular and complemen- 
They depend on the consideration of 


tary integrals. 
That 


discontinuous or irregular functions of the time. 
these methods have a counterpart expressible in con- 
ventional mathematical language was shown by Brom- 
wich*®, who gave a rigorous form for the older Opera- 
tional Calculus of Heaviside. The principle of Brom- 
wich’s method is the expression of the solution of the 
linear differential equation as a definite integral in which 
the independent variable (f) appears under the integral 
sign as a parameter. 

For an elementary illustration of this method sup- 
pose that it is desired to find a solution w(t) of Eqs. 
(2) with an impressed vertical acceleration Z (t). The 


equations are written 


Dw — Zyw — + = Z(t) 
Dq — — M,q = 0 


(27) 


ry. Bromwich, Normal Coordinates in Dynamical 
Systems, Proc. Lond. Math. Soc. (2) 15, 401-408, 1916. 


424 


Solving the second equation for w and substituting in 
the first equation results in: 
D?w — + M,)Dw — [MuZ, — + My Uo) w = 
DZ(t) — M,Z(t) (28) 
or: 


D*w + aDw + bw = @(t) (29) 


It happens to be fairly easy to devise an expression for 
w that will satisfy this equation if the definite integral 
of an auxiliary variable, } = «x + ty, is introduced. 
Such an integral, viz: 


w= et dd (30) 
(closed contour) 
is seen to be a particular solution if 
F(X) = + ad + b (See Eq. (29)) (31) 
and if 
ar = (32) 


(closed contour) 
for the successive differentiations (see Eq. (29)) of 
(30) reproduce in the numerator. 

The essential step of the method is then the expres- 
sion of the irregular disturbance function ¢(¢) = 1(t) 
in the form of such a definite integral. The required 
integral may be shown to be 

, 


(33) 
giving the value zero for negative ¢ and the value 1 for 
positive ¢. Here the limit, or path, of integration 
extends along the imaginary axis and to the right of the 
singular point at the origin. With the limit of the inte- 
gral thus specified it is permissible to integrate in addi- 
tion along any other path provided it is shown that the 
additional path does not change the value of the integral 
as defined. Then it is easy to prove that a closure of 
the path along a semicircle to the left of the imaginary 
axis does not contribute to the integral if f is positive. 
The path then encloses one singular point, 0, and the 
value of the integral is, by the residue theorem* 


1 
ait —0) =] 
(closed contour) 

For # negative, however, the closure of the path to the 
left avoids the definition ; but it is seen that the path can 
then be closed to the right of the imaginary axis with- 
out altering the value of the integral as defined. (See 
Fig. 5.) This contour now encloses no singular point, 
and, the integrand being analytic, the integral is zero. 
The integrand of the expression for 1 (¢) thus has 

a singular point at} = 0. By modifying the integrand 
so that the singularity occurs at another point, say n, 
the expression for another irregular disturbance is 


(34) 


obtained, namely : 
1 odt 


-of A—n 
*E. R. Hedrick and Otto Dunkel, Goursat’s Mathematica] 
Analysis, Vol. II, Part I, Ginn & Co., 1916. 
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Hic. 5. Evaluation of definite integral giving the unit 
function. 


The result is multiplied by 1 (¢) to indicate that it is 
zero when ¢ is negative. Writing (i) for n gives a 
disturbance of the form 


1(¢) (cos nt + 7 sin nt) 


The real part of a solution is then the solution for 
1 (t) cos nt, and the coefficient of the imaginary is the 
solution for 1 (¢) sin mt, (see Fig. 2). 

It has been pointed out in previous paragraphs that 
the solution of the equations of motion need only be 
obtained for the elementary unit disturbance. The 
effect of any other disturbance, whether given by a 
mathematical expression or not, may then be obtained 
by Carson’s Theorem. The procedure of finding the 
“unit solution” by Bromwich’s method may now be 
made more definite. Suppose Z (¢) is replaced by 1 (1) 
in Eq. (28). The right hand side of this equation 
becomes (D-\M,) (1¢) whence (see Eq. (32) ), 


$2 4 


(elosed contour) 
The solution for zw is simply 


— M, 


= 
where 
F(X) = (Zo + Me) (Mu Ze — Me Ze + Me Us) (38) 


as before. 

For the evaluation of the integral of Eq. (37) by 
the residue theorem the singular points of the integrand 
are needed. These points are values of % that make 
the denominator equal to zero. The denominator is 
usually termed the “stability polynomial”, hence these 
points are simply the roots of the stability equation (in 
addition to the point 4 = 0). Rewriting the polynomial 
in terms of these roots 4;,A., one obtains 


' 
|| 
a’: 
‘ 


CALCULATION 


(\A—M,) e& 


+00 
= 


The value of the — is the sum of the residues: 


A — 
w(t) = + + + 


0 — M, 
(0 — — 


(40) 


Since (Ay = and (Az di) = F’(X2) etc., this 
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result may be expressed somewhat differently, viz; 


FA) f(0) 


w,(t) = 
X 


which is the Heaviside Expansion theorem. The resi- 
due theorem is not subject to the restrictions that apply 
to the partial fractions theorem, however, and the resi- 
dues corresponding to multiple roots may be readily 
found. Thus motions due to periodic disturbances that 
are synchronous with the natural oscillations of the 
airplane may be calculated. 


(41) 
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SUMMARY 


HE authors have obtained by experimental 

methods an effective shear modulus for the sheet 
in a stiffened plane sheet beam combination under bend- 
ing loads. For the combinations tested it was found 
that the modulus decreases rapidly under light load- 
ings from the elastic value to some asymptotic value 
depending upon the sheet thickness. The thick sheet 
combination gave higher values of the effective shear 
modulus than the thin sheet. 


INTRODUCTION 


As a part of the investigation of the stress distribu- 
tion in metal covered wings leading to the most efficient 
distribution of materials, experiments are being carried 
out in the Guggenheim Aeronautics Laboratory of the 
California Institute of Technology with flat plates 
reinforced with stiffeners. White and Antz* investi- 
gated reinforced flat plates under concentrated end 
loads. The work covered by this paper has extended 
the investigation to include the case of two built up 
beam sections, connected by a stiffened plane sheet, and 
subjected to a uniform bending moment. The trans- 
fer of compressive stress from the main spars to the 
intermediate stiffeners has been studied with the idea 
of finding a rational method of calculating the load in 
the stiffeners. Two cover sheet sizes were tested, one 
of which was heavy enough to stay out of the wave 
state under moderate loading, while the other was light 
enough to go into the wave state at comparatively low 
loads. The stiffener size and arrangement of the two 
panels were the same. 


EXPERIMENTAL INVESTIGATION 


The test specimen consisted of two main spars 96 in. 
long and 8 in. deep, spaced 26 in. apart, and a bottom 
cover sheet 26x 72 inches secured to the flange angles 
of the spars by 8-32 bolts spaced 34 in. apart. The four 
stiffeners consisted of extruded bulb angles with 5 in. 
spacing and riveted with 3/32 in. rivets spaced at 1 in. 
intervals. Both ends of the spars were rigidly 

1R. J. White and H. M. Antz: The Stress Distribution in 
Reinforced Plates Under Concentrated Edge Loads, Journal 


of Aeronautical Sciences Vol. 3, No. 6, page 209, April, 1936. 
2 Army Report, A.D.M. No. 1020. 


Fic. 1. Test beam with extensometers attached to spars and 
intermediate stiffeners. 


26" 


8" 
— 5° — 5° 5h 


Fic. 2. Cross-section of test specimen showing dimensions and 
areas of parts. 


Upper cap angle. Area=0.354 sq. in. 
Beam web. ¢t=0.051 in. 

Lower cap angle. Area = 0.221 sq. in. 
Stiffener angle. Area = 0.044 sq. in. 

Attaching strip. Area = 0.082 sq. in. 

Cover sheet. t: =0.025 in. t.=0.050 in. 


mo op 


Fic. 3. Extensometers attached to intermediate stiffeners. 


attached to the testing machine as was also one end of 
the cover sheet. The other end of the cover panel 
(and its reinforcing stiffeners) was free ; corresponding 
to an infinitely weak rib system near the tip of a wing. 
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Fic. 6. Stress distribution for M, = 120,000 in. lbs. Sheet thick- 
ness = 0,025 in. 


At intervals along the span, chordwise spacers were 
used to prevent rotation of the main spars. See Figs. 1 
and 2. 

The beam was mounted in a 500,000 in. Ib. torsion- 
bending testing machine designed for wing testing. 
The machine was free to move parallel to the beam and 
was also unrestrained in rotation, thus introducing no 
end or torsional loads into the beam under test. The 
bending moments were obtained by applying forces on 
the end of each of the testing machine lever arms. This 
therefore induced a pure bending couple on the beam 
with no shear forces acting. 

The stress distribution was obtained by measuring 
deformations with extensometers placed on the beam 
caps and the stiffener legs. An 8 in. gauge length was 
used, giving a magnification of the deformations of 
about 1200:1. The extensometers placed on the stif- 
feners were held in place by means of rubber suction 
cups moistened with glycerine (see Fig. 3) while those 
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Fic. 9. Stress distribution for M, = 120,000 in. Ibs. Sheet 


thickness = 0.050 in. 


on the main spar were held by the usual straddle type 
of attachment. 


RESULTS 


Figs. 4-9 inclusive show the final corrected stress 
readings obtained for various applied bending moments 
and for the two thicknesses of cover sheet investigated. 
Other intermediate values were investigated but, as the 
curves were similar, they are not shown. The stresses 
shown for the main spar are those acting at the center 
of the compression flange. This gives the explanation 
of the apparent loss in stress in the main spar before 
the point of attachment of the sheet is reached. At 
about 6 in. from the point of attachment of the sheet 
to the main spar, the stresses in the flange start to dis- 
tribute towards the sheet side. Actually, if the average 
stress were to be plotted, the stress would continue 
uniformly up to the point of attachment of the cover 
sheet. At the point of attachment the main spars unload 


3 


428 LOVETT AND W. fF. RODEE 


‘| 


Fic. 10. Compression and shear forces on main spar and 
stiffeners. 


through the sheet into the intermediate stiffeners. This 
transfer of load from the spars to the stiffeners by 
shear continues until both spars and stiffeners have the 
same stress and the whole assembly is acting as the cap 
of a beam under a uniform compressive load. The 
point at which this equality of stress occurs is a func- 
tion of the sheet thickness and the applied bending 
moments. 

Since the load is transferred from the spar to the 
stiffeners by shear through the sheet, it is of interest to 
the designer to know the shear properties of the sheet 
in such an assembly. If the sheet remained always in 
the plane state under these shear forces, the elastic 
value of the shear modulus could be used to calculate 
the shear force transfer. However, in the usual stif- 
fened sheet structure, the sheet deforms perpendicularly 
to its plane and forms “shear waves.” This obviously 
changes the value of the sheer modulus which must be 
used in order to calculate the rate of stress transfer 
from the spars to the stiffeners. 


DETERMINATION OF EFFECTIVE SHEAR Moputus G’ 


Fig. 10 is a plan view of the beam, arbitrarily divided 
into a number of equal transverse strips. As the test 
beam is symmetrical about its longitudinal axis, only 
one half is shown. Stress distribution curves are also 
indicated. 

Consider the region between stations “n’’ and 


“(n+1’)” as indicated. Then, at station “n”, the 
force in the main spar is 


and in the first stiffener is 
A’ 


and in the second stiffener is 
where 


A = effective area under compression of the main 
spar. 


A’ and A” are the areas of the first and second stiff- 
eners respectively. 
and 
o = stress in main spar 
and o” are the stresses in the first and second 
stiffeners. 
Similarly, at station “(n+ 1)” 
Foss = On+1 A 
= O'nn A’ 
= A” 
Thus, the shearing forces in the sheet over the region 
3 are given by 
= Faun — Fa = — On) 
since, by symmetry, T; = 0. 
Using the relationship between the shearing stress 
and the shear strain given by 


one can write 
(T, + T2)/26t = 71 = G, y, for panel I (1) 
(T; + T,)/26t = = G; for panel II (2) 


Subtracting these two equations and, assuming that 
panels I and II are in the same state so that 
G, = G; = G’ 
then 
T, + (T: — T;) — T, = 26tG" — 
or, putting in the values obtained above for the shear 
forces, 


A(Gnui — On) + A’(O'n — — A” (0 
= — (3) 
The area A is the effective cross section area of the 
main spar and was obtained as follows: Consider a 
section at + inches from the fixed end of the beam. 
Assuming that the stress across the depth of the beam 
has a linear variation, the stress at the bottom fibers is 
composed of three parts, namely, 
(1) Compression due to the uniform bending mo- 
ment M, 
(2) Tension due to the bending moment produced 
by the shearing force 7; 
(3) Tension due to the shearing force T; acting as 
an end load. 
The compressive stress in the main spar is then 


o = Moc/I — heT,/2I — T;/Ag 


Aa = actual area of the beam. 
c = distance from n.a. to outer fiber. 
h = spar depth. 

The change in o in a small length dx is 


do /dxz = —[ch/2I+ 1/A,]dT,/dz = — d/dz{T , /effective area] 
d(oA)/dx = — dT ,/dz 


; 
7 
Wilt 
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Fic. 11. Relationship between deformations and the shear strains 
in the sheet. 


from which, the effective area is given by 


A = 2AqI / [21 + Agch] = 
since 
p=N1/Ag 

The effective area was computed and found to be 
0.568 sq. in. and the area of the stiffener cross section 
was 0.044 sq. in. All items on the left side of Eq. 3 
are known, and the remaining problem is to find 
(y:-y2)- In Fig. 11 assume that the angle y and its 
tangent are equal for small deformations, therefore 


and y2 = 
From the stress-strain relationships it can be said that 


6 6 n-1 n 


6 


= under curve to | = 


[ are under o’ curve to (n+ »]} 
Similarly for /, 


L= under o’ curve to (n+ 


[ area under o”’ curve to int) \ 


But, since an average value of y should be taken over 


Fic. 12. 


MAIN BEAMS 429 


04 

| 

| 

02 


% Distance ~rom 


—60 

73 
34 


° 20 40 60 60 100 120 
Sending Moment in Thousands of inch-Lbs. 
2000 4000 6000 6000 40000 §=614000 1b3./5q.in 


Stress in Main Jpars- Disregording Stiffened Sheet 


Curves showing G’/E for the 0.025 in. cover sheet. 


04 


os 

%| Distance from 
¢ — Fixed Em 

20 40 60 80 100 120 


Bending Moment in Thovsonds of Inch-Lbs. 


Fic. 13. Curves showing G’/E for the 0.050 in. cover sheet. 


the interval between “7” and “(1+ 1)", the area shown 
in Fig. 11 should be used. This gives 


n= = ap under curve to (n + 


[ ares under a’ curve to (n+ »|} 


and 


1 


=a Area under oa’ curve to (n + 3) 


E under o” curve to (n + pt] 


(y1-y2) is now in terms of E. Substituting in Eq. 
(3), the equation for G’/E is obtained as 


2 

d 
where 


X = the area between oa and o’ to (1+ 2) 

Y = the area between o’ and o” to (n+ ¥%) 
The areas were obtained from the stress distribution 
curves with a planimeter. Results of these calculations 
are shown in Figs. 12 and 13. 
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DIscUSSION 


It may be seen from the figures that G’/E decreases 
with increasing bending moment (increased stress in 
the main spar) and also decreases with an increase 
in distance from the fixed end of the sheet. It is 
interesting to note that the curves all extrapolate to 
the elastic value of G’/E given by 

21+ 4) 
where » = Poisson’s ratio = 0.30 

The thick sheet gives higher values of G’/E than 
the thin sheet, but the experimental values were not 
nearly as consistent. This is due to the fact that the 


= 0.385 


stresses in the thick sheet and stiffeners were not as 
high, and small errors in stress difference have a much 
greater effect. Much better accuracy would have been 
obtained had the thick sheet been subjected to a higher 
bending load, but, local stresses in the main spars near 
the end were found to be 20,000 Ibs./sq. in., beyond 
which there was danger of some permanent set, which 
it was desired to avoid. 

More experimentation will be necessary with other 
stiffener numbers, sizes, and spacings; different 
lengths of panels; and varying end moments to com- 
plete this investigation. The application of torsional 
loads and the testing of cambered sheet in a similar 
manner offer further extensions of this problem. 
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SUMMARY 


HE use of the slotted flap on an airfoil has been 

found to be very advantageous in recent tests 
conducted in the seven by ten foot wind tunnel of the 
University of Detroit. A slotted flap of 30% chord 
fitted on a Gottingen 398 (modified) airfoil shows a 
large increase in lift with a very small added drag for 
small flap deflections. A large reduction in take off 
speed with good rates of climb were found obtainable 
at speeds below the minimum speed for the normal 
airfoil. Satisfactory air braking is available at high 
flap deflections. Low relative drag was obtained at 
zero flap angle by closing the slot entirely in this con- 
dition. 


INTRODUCTION 


The use of flaps has been very useful in improving 
the landing characteristics of airplanes, but of little 
use in bettering the take-off. The increase in drag 
accompanying the lift increase has aided in the one 
case and at the same time has been a hindrance in the 
other. The use of a slot has been known to improve 
the flow conditions, preventing burbling with its result- 
ant loss in lift and greatly increased drag. A well 
designed slot in conjunction with a flap might then 
not only give desired lifts for small flap angles but also 
a relatively low drag, a condition which might pro- 
duce improved take-off characteristics. 

In conjunction with the class study program on air- 
foil characteristics, an existing airfoil of the Gdttingen 
398 (modified) section was fitted with a slotted flap, 
designed somewhat after that described by Lachmann’, 
with this additional criterion, that the slot must be 
entirely closed in the position of zero deflection. It 
was felt that this was necessary in order that the drag 
at high speed would not be materially increased. These 
tests were conducted in the seven by ten foot wind 
tunnel of the University of Detroit under the regular 
test procedure. 


THE GOTTINGEN 398 (MopiFIED) AIRFOIL, WITH 
SLOTTED FLAP 


The airfoil used in these tests was a Gottingen 398 
type with one per cent increased thickness over that of 
the standard section. 


'G. V. Lachmann, Flaps and the Take Off, J. Ae. S., Vol. 
2, No. 3, pp. 87-93, May, 1935. 


The model was built of well 


TaBLe 
Ordinates of the Gottingen 398 (Mod.) Airfoil, Fitted 


with a Slotted Flap. 


Fixed Portion Flap 

— Upper Lower Upper | Lower 

sae | Surface | Surface | Surface | Surface 

| Ye %e %e 

00.00 3.50 

1.25 6.25 

2.50 7.50 0.70 

3.75 8.40 0.40 

7.50 10.70 2 

15.00 13.30 

40.00 14.30 

50.00 12.80 0.40 

60.00 10.90 0.50 

0.50 

68 75 0.90 

2.50 1.70 1.70 

3.30 3.10 0.80 

4.75 4.50 0.50 

5.70 5.20 0.50 

6.30 5.70 0.50 

77.00 6.70 6.70 6.20 0.40 
6.00 0.35 
1.65 0.10 
100.00 0.20 0.00 


seasoned laminated wood with a span of 60 inches and 


a chord of 10 inches. 
proximately 30 per cent. 
the section and flap are given in Table 1. 


The chord of the flap was ap- 
The measured ordinates of 
The hinge 


for the flap was located at a point 78 per cent chord 
back and 3.8 per cent below the chord line. 
care was taken in placing the hinge and in designing the 
slot so that a well shaped jet would be formed with the 
flap deflected at 20° and still have the slot entirely 


closed with the flap at 0°. 


Special 


Fig. 1 shows the airfoil 
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Fic. 1. Gottingen 398 (modified) airfoil, with slotted 
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Fic. 2. Airfoil characteristics, Gottingen 398 (modified), 
with slotted flap. Fic. 4. Power and rate of climb characteristics. 
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AN 


section with the flap deflected at 0°, 20°, and 45°, the 
angles used in the tests. 

The tests were made in the standard manner in the 
seven by ten foot wind tunnel of the University of 
Detroit at an Equivalent Reynold’s Number of 577,000. 
The values of the airfoil characteristics have been cor- 
rected to full scale conditions, using the standard 
methods of scale corrections. These results are given 
in Figs. 2 and 3, in the usual airfoil charts. 


THe ADVANTAGES OF THE SLOTTED FLAP 


Deflecting the flap, which in turn opens the slot, 
forming a well shaped jet over the upper surface of 
the flap, increases the lift not only by the added circu- 
lation from the negative pressure behind the flap but 
also because of increased circulation caused by the 
negative pressure developed in this high velocity jet. 
Consequently for small flap angles an increased lift is 
obtained over that from an ordinary flap or a split 
flap. This jet also aids materially in maintaining the 
flow at high angles. Fig. 2 shows that a 20° flap 
angle will give a C;,,,,. of 2.07, a very high figure for 
such a small angle. An angle of 45° flap setting gives 
a Cumaz, of 2.12. Some small increase over this may be 
expected up to 60°, possibly up to 2.20. The angle of 
attack at which these values occur remains practically 
constant at 14°. Because of the thickness of the sec- 
tion the shape of the lift curve at the burble is quite 
rounding, a very satisfactory and desirable condition. 

Because of the higher negative pressure on the 
upper surface at the rear, it may be expected that 
higher negative pitching moments will be produced. 
That this is the case may be seen from the pitching 
moment coefficient curves in Fig. 2. A 20° flap 
produces a value over twice that of the normal airfoil. 
The added increment shown between 20° and 45° also 
is in proportion to the relative change in pressures. 

The effect of the flap on the drag is best shown by 
Fig. 3. Here Cpis plotted against C,* or against C, 
to a distorted scale. The induced drag coefficient curve 
becomes a straight line on this chart and allows the 
changes in profile drag to be easily brought out. The 
normal section has a very reasonable minimum profile 
drag with a normal increase with lift. However, with 
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the flap deflected 20° a change occurs. At low lifts a 
normal increase in drag is shown, but as the lift goes 
up the profile drag actually decreases reaching a 
minimum at a Cz of 1.8, a Co, »4,, of 0.0250. This low 
value is way below that which could be obtained on a 
plain section at and assuming a C, of 1.8. And the 
usual flaps are considerably above, from two to three 
times as much. A similar benefit is found for the 
condition of a flap setting of 45°. A very low profile 
drag coefficient, about one-half that of a normal split 
flap, is indicated at a C,, of 2.0. For air braking, how- 
ever, increased drags may be obtained by flap deflec- 
tions over 45° where the jet action diminishes. 

This effect on the profile drag is very beneficial as 
it occurs at high lift coefficient, useful in the take-off 
and in climb at low speeds, speeds below the minimum 
for the normal airfoil section. In Fig. 4+ are shown 
representative power characteristics for a plane. In 
this case a W/S of 20 lb. per sq. ft., a W/b+Ap. of 
10 Ib. per hp., and a propulsive efficiency of 0.80 were 
assumed. Level flight can be had at speeds down to 
84 per cent of the minimum speed for the normal sec- 
tion. Through this entire sub-speed range excess 
power is available for climbing, with rates of climb up 
to about 500 ft. per min. Climb with the flap set at 
45° is even possible. Take-offs can therefore be made 
and considerable altitude be obtained before a plane 
not so equipped could even reach the take-off speed. 

Placing the hinge for the flap below the bottom of 
the wing is a disadvantage, but the general aero- 
dynamic features outweigh this. The closing of the 
slot at the zero flap condition is highly important 
if the resistance for that condition is to be kept at a 
minimum. 

This flap design lends itself very well to the type 
of glide control advocated by Weick.*? Using the flap 
with angle settings from 20° to a maximum neces- 
sary, a controllable amount of drag may be obtained 
at the will of the pilot with practically no change in lift 
coefficient. This means that for a practically constant 
forward speed, the angle of glide is controllable. 


*Fred E. Weick, Everyman's Airplane—A Move Toward 
Simpler Flying, S. A. E. Journal, Vol. 38, No. 5, pp. 176-187, 
May, 1936. 
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Effect of Rivet Spacing on Stiffened Thin Sheet Under Compression 
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(Received August 24, 1936) 


INTRODUCTION 


HE introduction of “stressed skin” construction 

into airplane design created a large number of 
new structural problems. One of these is the determin- 
ation of the effect of rivet spacing on the behavior of 
sheet and stiffener combinations when under compres- 
sion loads. 

This problem divides itself into several parts: 

(a) Effect of various types of fastenings (spot 
welds, bolts, and rivets). 

(b) Effect of rivet spacing on the sheet. 

(c) Effect of spacing on the reinforcement, i.e. 
stiffeners or corrugation. 

(d) Effect of spacing on ultimate load of compres- 
sion panels. 

The author became interested in this problem when 
Lt. C. B. Hutchins' found that there was a variation 
of strength of compression panels with a variation in 
attachment methods. It is obvious that there must be 
some variation, for if two limiting conditions are con- 
sidered, line support of attachment between sheet and 
reinforcement, and no support of attachments, it is 
seen that there must be a change in the compression 
strength. 

Hutchins found out that for the same spacing be- 
tween attachments a sheet-stiffener combination would 
carry more load if spot welded than if riveted, and 
more load if it was riveted than if it was bolted; also, 
that as the attachment spacing increased the failing 
load of similar panels decreased. The author felt that 
due to the increasing use of semi-monocoque construc- 
tion, where thin sheet panels are under compression, 
this effect should be studied further. 


THEORY OF BUCKLING BETWEEN RIVETS 


From a study of the stress distribution of the stif- 
fened panel* and the appearance of actual buckling be- 
tween rivets (see Figs 1 and 2) on test panels, it was 
felt that an expression could be derived to explain the 
buckling between rivets. Since the stress in the sheet 
near the center line of the rivets is quite uniform, (up 
to loads below the ultimate), it can be assumed as a 


1C. B. Hutchins, The Relative Strength of Stiffener and 
Sheet Attachment Methods, Thesis at California Institute of 
Technology, 1934. 

2W. Lavern Howland, Effect of Rivet Spacing on Stiffened 
Thin Sheet Under Compression, Thesis at California Institute 
of Technology, 1936. 


434 


Fic. 1. Buckling between rivets on a test panel (at 
failure). 


Fic. 2. Close-up side view of permanent buckles between 
rivets. Skin thickness equals .032 inches. (Note 
lower stiffener is just a reflection in the sheet). 
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SECTION 
Fic. 3 


first approximation that a little element between the 
rivets has no support from adjoining elements. (See 
Fig. 3). 
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Fic. 4. Compression failing stress of sheet between rivets. 


Tests help to confirm this assumption because on 
test panels it has been observed that the buckling 
between rivets will extend from 17 to 20 times the 
thickness of the sheet on each side of the center line 
of the rivets. A section through the center line of the 
rivets will look like the bottom part of Fig. 3. 

The equation for the curve which the element w will 
form, assuming fixed ends, is found in nearly any 
elasticity text as, 

y = 0.5 ym (1 — cos 2 r x/L) (1) 

The maximum stress at any point of such an element 
is equal to 

=O + OB (2) 
where 
0; = total stress 
o, = compressive stress 
op, = stress due to bending. 

The compressive stress o, is a maximum when it is 

equal to 


TEwer = E (4) (3) 


where 
E = Young’s modulus 
p = radius of gyration 
L = length 
On putting Eq. (3) in a different form 
2 Bt? 
62 = (4) 
This equation is plotted up in Fig. 4, o, is plotted 
against L for different thicknesses. These curves are 
important from a des gn standno nt because when cal- 
culating the load carried by a sheet near a stiffener it 
must be remembered that the sheet cannot go to a 
stress higher than the Euler length between the rivets 
will allow. 
The bending stress at any point is equal to 
_ Me 
oR = 7 
also 
ay 
dx* 
The moment is a maximum at the center giving a 
maximum bending stress equal to 


M = —EI 
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Fic. 5. Stiffener stress when maximum sheet stress 


equals 20,000 Ibs. per sq. in. 


Ym 
= Et LD (6) 
In Eq. (6) ya must be determined. 


The shortening of the column due to bending is 


1 ly \? 


which gives, using Eq. (1) 


equal to 


») / 

Yn = V (8) 

Substituting this in Eq. (6), it is found that 

2rEt ,/ 

On = V Ag L (9) 

Substituting Eqs. (4) and (9) into Eq. (2) 
wE® | 2rEt 5 
10 


Solving for As 


at? 
B=T|% 6 


The total change in length of the elements is equal to 
=Aptrhe (12) 


(11) 


where 
As» = shortening due to bending 
he == shortening due to compression 
PL «wt 
Thus, the total shortening of the element is equal to 


Since the two rivets are attached to some type of stif- 
fener (corrugation also considered as a type of stif- 
fener), then in order for a shortening of an amount 
it to take place between the rivets, the stiffener must 


or, as a final 


(13) 


go to a stress equal to og7pr. 


E 
OsrTiFF.= 6 + 3 


From this expression it is seem that for a given ma- 
terial of a certain sheet thickness and a limiting value 
of the maximum allowable total sheet stress ot, the 
value of the stiffener stress will be a function of the 


result 


(14) 
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Fic. 6. Stiffener stress necessary to cause permanent set 
between rivets on 17ST Dural .016 inches thick. 


rivet spacing L, as shown in Fig. 5. These curves 
indicate that if the designer does not want permanent 
set in the sheet between rivets, he must make the rivet 
spacing a certain value depending upon the design 
stiffener stress and the properties and thickness of the 
sheet. 


EXPERIMENTAL STUDY OF BUCKLING BETWEEN RIVETS 


After deriving an expression for the buckling be- 
tween rivets, it was sought to check the equation with 
experimental points. The problem was to determine 
experimentally how large a deflection between rivets can 
be applied without resulting in permanent set in the 
sheet. 

The test setup consisted of a jig which had a sliding 
head and a fixed head in the same plane. A rivet held 
one end of the sheet to the fixed head and another rivet 
fastened the other end of the sheet to the movable 
head. Compression load was applied to the unit by a 
small testing machine to force the sheet between the 
two rivets to buckle. 

The test procedure was as follows: The load on 
the movable head was increased until there was a cer- 
tain deflection between rivets. Both normal and 
longitudinal deflections were measured with Ames dial 

uages reading 1/100 mm. per division. The load was 
then removed and any permanent set either normal or 
parallel to the sheet was recorded. The amount of 
deflection between the rivets was increased until large 
permanent sets were caused in the sheet. An electric 
vibrator was used to reduce static friction of the sliding 
head. After obtaining the deflection between rivets 
which caused permanent set, it was necessary to multi- 
ply it by E and divide by the rivet spacing in order to 
get the stiffener stress which would correspond to the 
same deflection or strain between the rivets. This 
stress is exactly what the theory should give when a 
certain allowable stress thickness, E, and rivet spacing 
is substituted in the equation derived, i.e. Eq. (14). 

The results from doing this on several sheet thick- 
nesses for various rivet spacings, are seen in Figs. 6, 
7 and 8. It was found, by accurate stress-strain curves 
made on several thicknesses of 17ST and 24ST Dura- 
lumin, that the proportional limit was very near to 20,- 
000 Ibs. per sq. in. on both materials. It must be 
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Fic. 7. Stiffener stress necessary to cause permanent set 
between rivets on 24ST Dural. .020 inches thick. 
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Fic. 8. Stiffener stress necessary to cause permanent set 
between rivets on 17ST Dural. .030 inches thick. 


remembered that the proportional limit is very difficult 
to determine accurately ; however, the Aluminum Com- 
pany of America on a large number of tests also ob- 
tained 20,000 Ibs. per sq. in. more often than any other 
value as the proportional limit for 17ST Duralumin*. 
Therefore, the theoretical curves shown in Figs. 5, 6, 
7 and 8 were calculated for 20,000 Ibs. per sq. in. The 
experimental results showed that if the maximum stress 
in the sheet between the rivets passed 20,000 Ibs. per 
sq. in., there would be a permanent set upon unloading 
to zero stress. Since the object of these experiments 
was to measure the deflection between rivets at which 
permanent set begins, it was desirable to make the tests 
with the load being applied across the grain, i.e. across 
the direction of rolling, of the material, since the per- 
manent set for a given stress above the proportional 
Timit (or elastic limit) is greater; however, since the 
proportional limit was found to be the same in both 
directions, the theoretical curves should hold for both 
directions, the only difference being that the amount of 
permanent set for stresses exceeding the curves, when 
applied parallel to the grain, will be smaller. 


DESIGN CRITERIA FOR RIVET SPACING 


The selection of rivet spacing on parts of an airplane 
is determined by consideration of several factors. First, 
if the rivets are transmitting load, they must be close 
enough together so that there is enough shear or bear- 


ing area. Second, if they are not transmitting any 


~ 3R. L. Templin, The Determination and Significance of the 
Proportional Limit in the Testing of Metals, Proc. Amer. 50¢. 
for Testing Materials, Vol. 29, p. 532, Fig. 6. 
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in rivets. 

This paper presents a new factor which the author 
feels is important, namely, the possibility of permanent 
buckles between rivets. The designer does not want the 
rivet spacing on the top surface of the wing such that 
when the airplane is subjected to applied loads there 
will be permanent buckles between the rivets, as in Figs. 
1 and 2. These pictures show buckles between rivets 
which were left in the sheet after the test panel had 
been taken to failure and no further. In order to be 
sure that permanent set will not take place, the maxi- 
mum sheet stress should be set below the proportional 
limit. For the development of design curves, let us also 
put the stiffener stress equal to the proportional limit, 
i.e. 20,000 Ibs. per sq. in. Besides simplification of the 
calculations, one of the reasons for doing this is that 
we are interested in not having permanent set under the 
action of applied loads on the structure, since for these 
loads the stiffener stress is probably near the propor- 
tional limit. If one were chiefly interested in behavior 
at failure, one would undoubtedly substitute in the 
stress at failure (probably near or even above the so- 
called yield point, i.e. 35,000 Ibs. per sq. in. for 17ST 
Duralumin). 

Substituting in op... (stress at proportional limit) in 
Eq. (14), the following is obtained: 


= E OP mt + me 
Et 6 3 


2 
Solving for 
t? 
[ ] = 0.304 or 0,023 


267? E E 
or finally, 
t OPL. t 


These two results make it possible to plot curves of 
sheet thickness against rivet spacing for different pro- 
portional limits. See Fig. 9. 

It is interesting to note that for op.,.—= 20,000 Ibs. 
per sq. in., the rivet spacing comes out 41.4 times the 
thickness, since a standard practice among some de- 
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Fic. 10. Ultimate compression load of various stiffened 
panels. 


signers during the past few years has been to use 40 
This rule was an arbitrary one 
A large 


times the thickness. 
which probably originated from shop practice. 
number of test panels from several airplane companies 
has shown that where the rivet spacing was based on 
the curves in Fig. 9, the results were very satifactory 
from the standpoint of buckling between rivets. 


EFFECT OF RIVET SPACING ON THE FAILING LOAD OF 
STIFFENED PANELS 


One of the difficulties of trying to determine theo- 
retically the effect of rivet spacing on the ultimate 
load of a stiffened panel is that a change of spacing 
affects both the sheet and the stiffener, and different 
stiffeners do not act in the same manner. The reason 
for this is that as the rivet spacing is changed, the type 
of failure may also change. For example, a certain 
sheet-stiffener combination may fail as an Euler col- 
umn when it has small rivet spacing. As the spacing 
is increased, the type of failure may change to local 
buckling of the stiffener, and with still more increase, 
may change to rolling of a flange, and at a very large 
spacing the stiffener may fail in torsion. The problem 
of ultimate load is a function of the particular stiffener. 
The results from tests are shown on Fig. 10. In 
nearly all the cases studied, the failing load of sheet- 
stiffener combinations decreased with an increase in 
rivet spacing ; however, this may not always be true. 

The effect of rivet spacing on corrugation plus sheet 
panels is interesting. One would normally think that 
in the case where the stiffener member is a corrugated 
sheet, the rivet spacing of the sheet would not affect 
the failing load of the panel. However, even in this 
case, the depth of the sheet waves may produce forces 
on the corrugation which will assist failure. Tests 
have been made on corrugated panels. (See Fig. 11.) 
It should be noticed that three of the curves go down 
and then start up again. The reason the curves start 
up at large spacing, may be because the force on the 
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RiveT Spacing 
Fic. 11. Compression failing stress of corrugation panels. 


rivets at small spacing has such a detrimental effect on 
the failing load of the corrugation that even if the load 
carried by the sheet is greater, the decrease in failing 
load of the corrugatiou makes the curve lower. It 
might be mentioned that these curves cannot be ex- 


Fic. 13. Panel similar to Fig. 12 except with 3 inch rivet 
spacing, at nearly the same failure load. 


plained by experimental scatter because two identical 
panels will fail within + 2%. 

In general, the following things can be said: First, 
the failing load of similar panels can be higher when 
it has large rivet spacing than when it has small rivet 
spacing. Second, the total deflection of a panel in- 
creases a small amount for a given load when larger 
rivet spacing is used. Third, the depth of the waves, 
that is the amplitude of the buckles in the sheet, is less 
for large rivet spacing than it is for small. Since the 
amplitude at failure is less, the amount of permanent 
set is smaller for large rivet spacing (See Figs. 12 and 
13). Fourth, from visual inspection and calculations 
from presented theory, the force on the rivet head 
caused by buckling of the sheet is considerably smaller 
for the larger rivet spacing. Thus, rivet failures are 
less likely to occur where there is large spacing. Fifth, 
the general appearance of the panel under load is better 
for the larger rivet spacing as the wave is longer. 


EFFECT OF RIveET DIAMETER ON THE FAILING LOAD OF 
STIFFENED PANELS 


It was believed at the start of this investigation that 
not only the spacing but also the size of the rivets would 
affect the failing load. Thus, a series of tests was 
run to determine the influence of rivet size. 


Fic. 12. Sheet-corrugation panel with 1 inch rivet spac- 
ing, at failure load. 
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TABLE | 


OBSERVATION AS TO POSSIBILITY OF RIVET FAILURE IN 
COMPRESSION PANELS TAKEN TO ULTIMATE LOAD 


Sheet Thickness 


No tests 


O51" 
No tests 


.032” 
Fail if spacing 
> 
Fail occasionally Usually fail 
if spacing > 1%” if R.S. > %” 
Failures if 
>i 


Rivet Size 
1/16” 
3/32” No tests 


Usually fail 


Usually no failures 
ft RBS; > 1" 


All the panels tested were made as nearly alike as 
possible, except for the rivet spacing and the size of 
The ends of the panels were clamped very 


the rivets. 
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firmly and each panel was lined up in the testing 
machine as carefully as possible. 

The following conclusions can be drawn from these 
and other tests: 

(a) The ultimate load carried by a stiffened panel 
usually increases with an increase in rivet size. 

(b) Rivet failures reduce the ultimate load of a 
panel by putting the sheet load into the stiffener, which 
helps cause local buckling or failure of the stiffener. 

(c) The increase in ultimate load is small if the 
increase in rivet size does not change the conditions 
from rivet failure to non-rivet failure. (It might be 
mentioned that by rivet failure is meant that the rivet 
fails in combined tension and shear). 
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SUMMARY 


HE purpose of this paper is to outline a method 

which may be used for the determination of the 
forces in a monocoque fuselage circular ring which is 
subjected to concentrated external forces and moments. 
The balancing forces are considered to be applied by 
the fuselage skin, which is the usual design condition. 
Coefficients for determining the bending moment, shear, 
and axial load at any point in a ring have been derived’ 
and a method of plotting these in terms of the applied 
load and radius of curvature of the ring is presented. 
By use of these curves the stress at any ring section 
may be readily determined for the loading condition 
considered in this paper. Curves similar to those pre- 
sented here may be constructed for the other basic 
loading conditions. 


Part I. ExpLANATION OF METHOD 


There are two distinct types of rings in a monocoque 
fuselage ; one which is subjected only to the loads which 
arise as a result of the ring acting as a stiffener to sup- 
port the skin, and the second carrying forces similar to 
the first, but also being subjected to the action of 
concentrated external forces and moments. This paper 
deals only with the second type of ring. Such rings are 
very common, occurring as rings which carry wing, 
tail surface and landing gear reactions, and as rings 
which are subjected to concentrated internal loads re- 
sulting from the attachment of control cables and the 
fuselage contents. In order to determine the design 
bending moment, shear, and axial load at any point in 
such a ring, a least work analysis must be carried 
through. In the case of a large airplane, these forces 
usually vary over a large range as one passes around a 
ring, so that they must be determined at a number of 
points around the circumference if an efficient design is 
to be obtained. 

The method of attacking the problem of a ring sub- 
jected to a concentrated external loading has been to 
break the actual loading down into a number of basic 
loadings, and after finding the resultant forces at any 
point due to each of the basic loadings, summing these 
up to obtain the actual forces at that point. Equations, 
which are based upon the method of least work, have 
been derived for the bending moment, shear, and axial 
load at any point on a ring for a number of the basic 


S 
Fic. 1. Directions of moment, shear, and axial load which 
are assumed to be positive. 


Fic. 2. Loading condition #1. Positive directions for 
x and 8 are indicated. 
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Fics. 3a and 3b. Loading condition #1. Bending mo- 


ment coefficients. 


loading conditions'* and by various combinations ot! 


these basic conditions, any actual loading may be simu- 


1 Roy A. Miller and Karl D. Wood, Formulas for the Stress 
Analysis of Circular Rings in a Monocoque Fuselage, N.A.C.A. 
Technical Note No. 462, 1933. 

2 Roy A. Miller, A Solution of the Circular Ring, Airway Age, 
May 2, 1931. 
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Fics. 4a and 4b. Loading condition #1. Shear 
coefficients. 
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Fics. 5a and 5b. Loading condition #1. Axial load 


coefficients. 


Fic. 6. Loading condition #2. Positive directions for 
x and @ are indicated. 


lated. While these equations are valid for the case of 
a ring subjected to concentrated external loads which 
are in balance, they do not consider the case of an 
external concentrated load being held in equilibrium 
by a distributed reaction which is provided by the skin. 
This arrangement is the most common design condition 
in monocoque design, and it is an attempt to determine 
the ring forces under this type of loading which has led 
to the method which is presented here. 

The proposed method for dealing with this design 
condition consists of the following steps: 

1. The distributed skin reaction is determined and 
broken down into a series of concentrated loads. 


[ ] 
ANS e-70 
| 
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0 2 70 00 #060780 
Fic. 7. Loading condition #2. Bending moment 
coefficients. 


Fic. 8. Loading condition 22. Shear coefficients. 
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Fic. 9. Loading condition #2. Axial load coefficients. 


2. By means of the Miller equations, the coefficients 
at any point due to each individual load may be deter- 
mined and from these the partial forces acting at the 
point can be computed. 

3. The partial forces at any point are then summed to 
obtain the design ring forces. 

The greatest labor involved in the application of the 
method is in the computation of the coefficients due 
to the partial loads. However, since these have been 
shown to depend upon two variables, they may be 
plotted as families of curves, one set for each force 
under any type of loading. Curves are presented here 
for two types of loading, in order to illustrate their 


44 
3 
EL) 
| 
| WHE: 
+ = 
~40 | | | | | 
== 
| | 72, ™ | = 
|_| 


Fic. 10. Fuselage cross-section and loading. 
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Fic. 11. Skin loading on ring. 


general nature and to permit the presentation of an 
example to demonstrate the method. It should be noted 
that the convention of signs for the shear forces in the 
ring has been altered (Fig. 1) from that which has 
been used in the references in order to simplify the 
construction of the curves. 


Part IJ. ILLustTraAtTIvE EXAMPLE 


Consider the case of a circular fuselage ring carrying 
wing reactions on its horizontal diameter. The fuselage 
cross-section is sketched in Fig. 10 and the problem is 
to find the bending moment at 45° intervals around the 
ring. Exactly the same procedure could be employed 
to find the shear and axial load at numerous sections, 
and although the curves of coefficients are presented, 
the tabular computations are omitted because of the 
space involved. 

In order to simplify the computations, the geometric 
and elastic neutral axes of the fuselage are assumed to 
be coincident, i.e., the same amount of skin is assumed 
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Fic. 12. Resulting ring loads. 


Table /- Section Properties 
tring-| Ar 

90 | | 25.00) 500} /25.00 
70 | 400 | 23.49| 940 | 2208/ 
5O | 400 | /9./5| 766 | 46.69 
30 _| 400 | /2.50| 500| 6250 
10 | 400! 434 | 179 755 

Tota/s| 1800 28.80 | 562.55 


to be effective on the tension and compression sides of 
the fuselage. If the skin thickness is .025 inches and 
the conventional effective width of thirty thicknesses is 
assumed to be acting in compression with each stringer, 
the skin will provide an area of .019 square inches to 
be added to the stringer area (.181 square inches) mak- 
ing an effective area of .200 square inches. The prop- 
erties of the fuselage cross-section are computed in 
Table 1. 

At any point on the fuselage the running shear in the 
curved skin is proportional to Vq/I. If we consider a 
point on the skin at some angle 8 from the neutral 
axis, the vertical component of the shear in the skin 
may be found by the relation v = s cos B = Vq cos B/!. 
If an external concentrated load is applied to an upright 
in a tension-field panel, the tension stresses in the adja- 
cent web, which resist this load, follow the conventional 
distribution very closely.2. Then the skin adjacent to 


8 Herbert Wagner, Flat Sheet Metal Girders with Very Thin 
Metal Web, Part II, N.A.C.A., Technical Memorandum No. 
605, 1931. 

4J. E. Boyd, Strength of Materials, page 327. 
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Table 2 - Determination of Valves of dV and dH 
dv. |d¥ 

Angle | 249 per site dV dH 
T37 | 500 | 755 39 }6 | 0 
5011975 40 | 6250 | 556) 278 | 156 429 
665 | 2206| 796.70 | 7307| 652 | 559 | 

50 _| 250 F876 | 2706 | 2308/ | /964| 98 7 | 47/ 
10 | e 10961 184 
NA 494 [2880| 12999 | 1110 | 555 


the ring will be carrying shear loads which are also 
distributed according to the /’qg// relation. If the run- 
ing stress in the skin adjacent to the ring is broken 
into a series of concentrated loads dS (Fig. 11) we 
have the relation dV = vde=VqceosBde/I. At 
any point there also exists a horizontal component to 
the skin reaction which may be found by the relation 
dH = dV tan B. In Table 2 the distributed skin re- 
action is replaced by concentrated loads and values of 
dV and dH are computed for various angles of B 
[where A y= cos Bde]. The forces acting are com- 
puted for one ring quadrant and their direction in all 
quadrants is shown in Fig. 12. 

The bending moments in the left half of the ring 
under the action of the applied loads are computed in 
Table 3. The ring has an outside radius of 25.0 inches, 
and if the depth is taken as 3.0 inches, the centroidal 
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radius (symmetrical ring section) for use in the bend- 
ing moment calculations becomes 23.5 inches. The 
coefficients for the vertical forces are obtained from 
Fig. 3, while for the horizontal forces Fig. 7 is used. 
A summation of the partial bending moments produces 
the design bending moment at each section. With the 
complete set of bending moments, shears, and axial 
loads around the ring which this calculation produces, 
an efficient ring design may be obtained. 
Part III. Discussion Or RESULTS 

It will be noticed from Table 3 that the bending 
moments which have been found in the ring are sym- 
metrical about the horizontal diameter. This would not 
occur in a precise solution but is due to the fact that 
the skin on the tension and compression sides of the 
fuselage was assumed to be equally effective. Actually, 
the skin on the compression side is only partially effec- 
tive while all the skin on the tension side may be con- 
sidered as active which would tend to move the elastic 
neutral axis towards the tension flange. This would 
produce larger skin reactions on the tension side which 
would increase the ring forces in this region. 


Table 3 Caleviation of Bending Moments 

Load |Mag- | WR Top 45° Side 45° Bottom 
nitude Coeff. | Mom) Coeff | Mom! Coeff | Coeff | Mom'|Coeff | Mom 
-16 |- 376 |+500 | -/88 |-//3 | +72 |-/82 | +68 | -/6 +/37) -52 
Ve 156 | -3666|+2/49 | - 785 |-.070 |+256 |-./62 | +§99 | | -/32 | 
Vs -965 |-/0928|+.057 | -623 |+.095 |-992 |-.//3 |+/235| +0/9 |-208 | +.074 | -809 
V4 __| -8/7 |-/9200| +.002 | - 38 | +026 |-499 | -.052 | + 998| #0049 | - 76 | +027 | -5/8 
Vs__| -/0%6 |-2458/|-.00/ | + 24 | +O00/ | - 24 | ~.0/5 | +368| 000 O | +.002| - 49 
Ve | +4046 |+2458/|+.002 | + 49! 000 O | ~-.0/5 | -368| tO00/ | +24 | -.00/ | -24 
Vr + 8/7 |+/9200| +.027| +5/8 | +.004 | + 76 | | -998| +026 | +499/|+.002| +38 
| +465 |+/0928| +.074 | +809 | O/9 | +208 | -.//3 |-/235| tO9§ | +492 | t.057 | +623 
Vo | t/56 |+5666| +.//8 | | 4.036 | +/32 | -—./62 | - 594|-070 | -256| t.2/4 | +785 
Vio |+ /6 |* 376| +./37 | +52 |+.099| + 16 | -./82 | - 68\-//3 | - 42 | #500! 4/88 
He -429 |-/0081| +047 |-4749 |-.O// | +/// | -.004| +40|+002 | - 20 | 4004! -4O 
_| ~ 554 |-/30/9 | +134 |-/794| -.08/ | -.034| +443) +0/2 | -/56 | +.03/ | 
H4 | -47/ |-11068| +./96 |-2/69 | | +/206 | +029 | | +086 | -95/ 
Hs | -/84 |-4324| t200|- 864|+.02/ | - 9/ |-.237 | +/024| | -/69| +/53 | -66/ 
Me +189 | +9324 | +./53 | + 66/ | +.039 | +/69 | -.237 |-/024| +02/ | + 9/ |+200! +8649 
Hy | +497/ |+/1068| +.086|+95/ |+.029| #32/ | -.1/09 | -/206 | |- 9493 | | 42/69 
He +559 |+/30/9 | +.03/ | + 903 | +.0/2 | +/56 | -.034 | - 993 | | + ./39 | +1744 
Hs #429 |+/008/| +.004 | + | +002! + 20 | -.004| - YO |-.0// | - /// | 4.097 | +4974 
-2 945 ~/899 4294S 
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Model in a Wind Channel 
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INTRODUCTION 


HE tests described in this paper were divided into 
two main groups as follows: 
(1) To ascertain stability both longitudinally and 
in yaw relative to anti-spinning tendencies. 
(2) A study of tail buffeting and its prevention. 


Tue Test 


Referring to Fig. 1, the test rig, which is to be called 
an oscillator, is made up of a tapered shaft running 
in two ball bearings mounted in a tube so as to elim- 
inate as much friction as possible. Angular displace- 
ments from the vertical were made by the adjustable 
slide at the side. The oscillator was mounted in the 
wind channel as shown. 


Tue 


The model tested was one twentieth the size of the 
full scale design and was made of laminated hard balsa 
wood having a very smooth finish and made to within 
very close limits. The model dimensions, compared 
to the full-scale dimensions, were as follows: 


Model Full-Scale 
Overall Length ........ 14.35 in. 21 ft. 3 in. 
Mean Aerodynamic 
3.637 in. 72.75 in. 


The model was exactly balanced at what corre- 
sponded to the estimated center of gravity of the full 
scale design by means of lead and by the manner shown 
in Fig. 1. 

The reason for mounting the model thus was to 
allow it to assume its own attitude in relation to the 
wind according to the setting of the horizontal tail 
surfaces. The advantage claimed by so doing was 
that where a model is mounted rigidly in respect to 
its longitudinal axis, it would only oscillate in one 
plane, from side to side, thus it would be impossible 
to ascertain just what conditions were prevalent in 
the region of the tail surfaces in a vertical plane. How- 
ever, provision was made for locking the model in any 
desired angle of incidence by means of a lock screw, 
as shown in Fig. 2. 
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Types oF Fitters Usep 
No. 1 
The fillet radius was increased linearly from zero 
at the leading edge to 1/6 the root chord at the trail- 
ing edge. The rear portion was triangular in plan 
view and continued to 42% of the chord beyond the 
trailing edge of the root section. 


No. 2 

The fillet radius was increased linearly from zero 
at the leading edge to 1/3 the root chord at the trail- 
ing edge. The rear portion was triangular in plan 
view and continued to 84% of the chord beyond the 
trailing edge of the root section. 


To ASCERTAIN STABILITY BoTH LONGITUDINALLY AND 
IN YAW RELATIVE TO ANTI-SPINNING TENDENCIES 


The air speed was approximately 73 ft./sec. for all 
tests. 


Test No. 1 

The model was set progressively from 0° angle of 
attack to plus 50° to check if any oscillatory motion 
was apparent in a horizontal plane to denote spinning 
tendencies. The lock screw was used to secure the 
required settings. The model remained perfectly 
steady throughout the whole range. 


Test No. 2 

The model was set progressively from 0° to — 50° 
by the same method as Test No. 1 to see if any oscil- 
latory motion was apparent to denote spinning tenden- 
cies. The model, however, remained perfectly steady 
throughout the whole range. 


Test No. 3 

The model was placed in various attitudes with the 
minus to plus degrees of incidence in the same range 
of angles as tests (1) and (2). The model was then 
held in extreme yaw and released to note the number 
of oscillations necessary before perfect trim was at- 
tained. The oscillations were never greater than eight, 
which was at either +40° angle of incidence, and with 
the angle of yaw reaching a maximum of 45°. For 
small angles of incidence the minimum number of os- 
cillations recorded were four. 
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SPINNING AND TAIL BUFFETING TENDENCIES 


Test No. 4 

The tail was held down and then up at various 
angles of incidence from 0° to +50° and then released. 
The minimum or maximum number of oscillations 
necessary for perfect trim were four. 


Test No. 5 

The oscillator was inclined to 45° from the vertical 
and the model locked in a nose down attitude of —50° 
so that the position was as near as possible that of an 
airplane starting to spin. The model was then held 
broadside to the wind and released to try and start 
The model, however, would only swing 
The model at all times 


autorotation. 
into the wind and stay there. 
was in the center of the air jet. 


CONCLUSIONS 


The author believes that had there been any evi- 
dence of spinning that it would have been self ascer- 
taining in the form of oscillatory movements in a hori- 
zontal plane either due to inadequate vertical fin area, 
or the blanketing of the fin. The conclusions drawn, 
so far as this particular model is concerned, are that 
no tendency to spin is evident, and that stability both 
in yaw and longitudinally is good. This is attributed 
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largely to the fact that two vertical fins were used 
instead of the more conventional single fin. The 
choice of this combination was due to the fact that two 
fins placed well apart always are well clear of the dis- 
turbed area next to the fuselage, and always present 
two clean sides to the air stream. The areas involved 
are very moderate in size, being each only 5.9375 per 
cent of the total wing area, when placed 1.89 times 
the root chord from the center of gravity to the rudder 
post. The horizontal tail surfaces were 17 per cent 
of the total wing area. 


A Stupy or Tait BuUFFETING AND Its PREVENTION 


No changes were made in the model to start the 
following tests. The location of the horizontal tail sur- 
faces were on top of the fuselage, and the distance 
from the center of gravity to the elevator hinge was 
1.89 times the root chord. This relationship was kept 
throughout the following tests; only the vertical posi- 
tion was altered. 


Test No. 1 

The horizontal tail surfaces were placed on top of 
The surfaces were comprised of a con- 
The area of the lat- 


the fuselage. 
ventional stabilizer and elevator. 
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TABLE 1 


Angle 
0° 


10° 


15° 


18° 


15° 
18° 


Type of 
Fillet 


No. 1 


No. 1 


Elevator 

Setting Remarks 

Neutral No separation of airflow at the wing roots apparent, with a smooth regular airflow past the horizontal 
tail surfaces. 

Neutral Noticeable separation at trailing edge of root section from about 70% of the chord to about 10% 
of the semi-span in a fan-wise direction from the side of the fuselage. Tail surfaces still in apparently 
even flow. 

Neutral The flow at the root was on the verge of complete breakdown, which started at about 50% of the root 
chord and proceeded fan-wise to about 20% of the semi-span out from the side of the fuselage. The 
airflow over the tail surfaces showed spasmodic irregularity of airflow. 

Neutral | Complete separation at the wing root from about 35-40% of the chord and spreading fanwise to 
about 25-30% of the semi-span. The tail surfaces were almost completely in the wake of the main 
wing and the flow was most irregular. : 

Neutral The separation was slightly more pronounced, the tail surfaces being completely in the wake of the 
main wing. 

Settings 15° and 18° tried again with No. 2 fillet to try to straighten out the airflow over the tail unit. 

Neutral Less violent separation at the root chord. Tail surfaces, however, definitely still in wake. 

Neutral Complete breakdown as before though less violent and spreading out fanwise over 35% of the semi- 
span. The tail surfaces were still completely blanketed. 


TABLE 2 
Type of Elevator Resultant 
Fillet Setting Angle Remarks 
: No. 1 —10° 4°— 5° Apparently the elevators are not very powerful. The model rides perfectly steady. 
% i No. 1 —20° 9° Very slight vertical oscillations — buffeting. 
; ; No. 1 —25° 10° More pronounced vertical oscillations — buffeting. 
é No. 1 —30° *11°— 12° Very pronounced vertical oscillations, in fact, violent buffeting. The model slamming down hard, 


a slow recovery to 0° incidence assuming 11°— 12° for a split second and bobbing down violently 
to about 25°- 30°. This action is quite regular and assumes a beat of about 50 per minute. The 
horizontal tail surfaces are apparently stalling at 12°— 15° incidence thus causing the violent downward 


movement. 
* This was the maximum angle possible with these elevators. 


: TABLE 3 
Type of Elevator Resultant 
Fillet Setting Angle Remarks 
No. 1 —15° 7° 8° Slight vertical oscillations indicating buffeting. This seems to occur earlier than with tail up 
condition. 
No. 2 — 30° iz Fillet seems to help quite a lot. Buffeting is no longer violent although quite pronounced. The 
elevators are still inadequate in strength. 
% TABLE 4 
: Type of Elevator Resultant 
Fillet Setting Angle Remarks 
No. 1 —9° 8°- 9° Very slight buffeting. 
No Fillet -9° 8°- 9° No buffeting. 
No Fillet 15° 14°-15° No buffeting. 
No Fillet |—30° 29°- 30° Very slight buffeting. 
No Fillet —35° 34°- 35° Noticeable buffeting but motion was gentle although quite quick. 
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TABLE 5 


Type of Elevator Resultant 


Fillet Setting Angle 
No Fillet —5° 4°— 5° No buffeting. 
No Fillet —10° 9°-10° No buffeting. 
No Fillet —15° 14°-15° No buffeting. 
No Fillet | —20° 19°— 20° 
surfaces. 
No Fillet —30° 29°— 30° 
No Fillet —40° 39°— 40° 
at quite irregular intervals. 
No Fillet —50° 46° 


horizontal oscillation persists. 
to either side. 


The beat is not regular. 


Remarks 


Still steady with no indications of any breakdown of flow either at the wing root or at the tail 


Slight vertical movement, very irregular and occurring perhaps five or six times a minute. 
Still very steady although the same sort of momentary breakdown or irregularity of flow is evident 


Indications that the vertical fins are at about their limit of effectiveness is apparent, as a slight 
It is quite gentle though and only moves about } to } of an inch 


There are no signs of vertical oscillations to denote buffeting. 


ter was fifty per cent the area of the former. The 
air flow was recorded by the use of a silk tuft held up- 
stream from the model, and by smoke. Table 1 shows 
the results obtained. The model was locked in the 
desired positions. (See Fig. 3.) 


Test No. 2 

The following test was made with the model being 
allowed to assume its own relative position according 
to the elevator setting, and any sign of disturbance in 
the region of the tail surfaces were assumed to be the 
cause of any oscillatory movement of the model in 
either a horizontal or vertical plane. Table 2 shows the 
results obtained. The tail unit was the same as in Test 
No. (1). 


Test No. 3 

Several positions were tried with the horizontal tail 
surfaces down farther on the side of the fuselage as 
indicated in Fig. 3, with about the same results as 
given in Table 2. However, a slight improvement was 
noticed for the maximum elevator setting as the sur- 
faces were placed lower down. Table 3 represents 
results obtained with the horizontal tail surfaces ap- 
proximately in line with the leading edge of the main 
wing. 


Test No. 4 

Another type of horizontal tail surfaces was fitted 
to replace the conventional type, in which the plan 
form and area of the original surfaces was maintained, 
only instead of being divided into stabilizer and ele- 
vator they formed one complete unit and moved as a 
whole, as indicated on the side elevation of Fig. 1. 
They were pivoted about a point 1.8 times the root 
chord from the centre of gravity and for this test 
were located slightly below the leading edge of the main 
wing. The immediate improvement of the power of 
this type of horizontal tail surfaces is apparent, as 
shown in Table 4. 


Test No. 5 

The horizontal tail was placed in its original position 
on top of the fuselage, i.e., at 25% of the root chord 
above the leading edge of the main wing. The same 
settings as Test No. 4 were run through with even 
better results. However, the tail buffeting still per- 
sisted, so a leading edge slot was used which was the 
same length as the horizontal tail surfaces. The results 
obtained are given in Table 5. 


CONCLUSIONS 


The conclusions the author draws from the foregoing 
tests are as follows: 

(1) The vertical position of the horizontal tail sur- 
faces for a low-winged monoplane should be well up on 
the fuselage, at least 25% the root chord above the 
leading edge of the main wing. 

(2) By using leading edge slots complete control 
of the wing root airflow is possible throughout the 
normal working range of an airfoil, and indications are 
that they persist way beyond. 

(3) Wing root fillets do not by any means eliminate 
tail buffeting. 

(4) Wing root fillets may be an aid, and in some 
cases make impossible a destructive flutter, but not a 
cure. 

(5) The conventional form of horizontal tail sur- 
faces are not as effective, or anywhere near as powerful 
as the type where the horizontal surfaces move as a 
whole, and greatly aggravate buffeting conditions. 

(6) The relationship between the main airfoil and 
horizontal tail surfaces cannot be entirely satisfactory 
for the low-winged type monoplane and that possibly 
the best combination would be a high-winged monoplane 
with the horizontal surfaces well below. 

The foregoing tests were made possible through the 
courtesy of the Aeronautics Department of the Worces- 
ter Polytechnical Institute, Worcester, Mass. 
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Institute Notes 


ASSOCIATE FELLOW GRADE 


By vote of the Council and with approval of the Advisory 
Board of the Institute, the name of the grade formerly known 
as MEMBERS (Scientific and Engineering) has been changed 
to Associate Fellows. It was felt that this change in designa- 
tion was advisable as the name MEMBERS did not differen- 
tiate this group sufficiently from the Pilot Members, Industrial 
Members, Technica! Members and Student Members and led 
to some confusion. 

This designation of Associate Fellow will appear on the new 
Certificates of Membership. Certificates are also being sent to 
all the other grades except Student Members. 


AMERICAN Visitors ABROAD 


The New York Times for October 6 carries the following: 

“MOSCOW, Oct. 5—Major Lester D. Gardner arrived in 
Moscow at 11:18 this morning, having embarked on the dirigible 
Hindenburg at Lakehurst, N. J., at 11:17 Wednesday night. 
He completed a journey of more than 5,000 miles by com- 
mercial airlines in sixty-eight hours fifty-two minutes flying 
time. 

“He would have arrived last evening had not the Deruluft 
plane on which he was a passenger been forced down by storm 
and fog at the Soviet border, where he spent the night. 

“Major Gardner is the second traveler to make a quick trip 
from New York to Moscow by commercial airlines. Charles 
Thayer of the United States Embassy did so last Spring. 

“Major Gardner will inspect the Central Aviation Institute, 
where Soviet planes are designed, on Wednesday and will fly 
back to Berlin Thursday for an aeronautical meeting there. 

“Major Lester D. Gardner, organizer and secretary of the 
Institute of the Aeronautical Sciences, will be the guest in Ger- 
many of the Lilienthal Society, the new coordinated technical 
clearing house of German aviation. 

“Before this society during Major Gardner’s visit will also 
speak Dr. Clark B. Millikan of the California Institute of 
Technology and Arthur Nutt of the Wright Aeronautical Cor- 
poration. Major Gardner will also visit technical and military 
organizations in France and Germany.” 


DINNER TO Dr. LEwIs 


Acceptances as speakers at the Dinner to Dr. George W. 
Lewis, to be held on the occasion of the presentation of The 
Daniel Guggenheim Medal, Friday, December 4th, at the 
Hotel Biltmore in New York, have been received from Dr. 
Ames, Mr. Harry F. Guggenheim, Major General O. West- 
over, Rear Admiral A. B. Cook, Dr. Lyman J. Briggs, Dr. 
Charles Abbott, and Mr. Willis Gregg. 

It is planned to hold an all day joint technical meeting 
under the sponsorship of the A.S.M.E., S.A.E. and the I.Ae.S. 
during the day of the dinner. Opinions as to the state of 
aeronautical development in various fields will be discussed 
by specialists. Invitations have been extended to foreign gov- 
ernments to send guest speakers to the technical session and 
the dinner and, to provide, if possible a film showing the 
new laboratories and wind tunnels which have recently been 
built abroad. 


MEETING OF THE PaciFic Coast SECTION 


Ninety-four members and guests of the Institute attended 
a dinner held by the Pacific Coast Section at the Athenaeum 
of the California Institute of Technology on Friday, September 
25, 1936. About 150 members and guests attended the technical 
session on the general subject of Aircraft Structural Problems 
after the dinner. The technical session was held in the lecture 
hall of the Gates Laboratory. 

Garner G. Green of the Consolidated Aircraft Corporation 
presented a paper on “Plate-Stringer Combinations Using 
Zee and Hat Shaped Stringers.” 

The paper described and summarized a number of tests 
made on plate-stringer combinations to determine the strength 
in compression. 

The method was described of determining allowable values 
by building representative panels and testing with various 
combinations, then plotting the results in such a way that 
other combinations can be interpolated. This method was com- 
pared with the effective skin width method of calculating al- 
lowable loads. It was said that the practical success of the 
method in use at Consolidated was the main reason for their 
continued use of it. 


General conclusions were: 

(1) Best efficiency is obtained with the lightest gauge of 
plate permitted by considerations of shear strength and stiffness. 

(2) With constant plate gauge, best efficiency is obtained 
with comparatively heavy stringers, spaced, in the case of 
light loadings at 6 to 9 inches, and in the case of heavy loadings 
at 34 to 5 inches. 

(3) The Hat-shaped stringer is superior in efficiency to the 
Zee type, by 6 to 15 per cent. 

A paper on “Effects of Changes in an Airplane Upon the 
Wing Weight” was presented by J. E. Lipp of the Douglas 
Aircraft Company. Equations were developed showing the 
wing weight as a function of gross weight, wing area, wing 
root thickness and wing shape. The derivation included both 
aerodynamic and dead loads, and was based upon simple dis- 
tributions of these loads along the span. Applicability of the 
equations was discussed and a program for further study 
of the problem was outlined. 

E. E. Sechler of the California Institute of Technology pre- 
sented a paper on “Recent Metal Structures Investigations 
at the California Institute of Technology.” 


VISITORS 


Dr. Tullio Levi-Civitaa a MEMBER of the Institute, and 
Professor of Rational Mechanics at the University of Rome, 
visited the Skyport on his way to Cambridge, where he is a 
delegate to the Harvard University Tercentenary. 

Professor K. Terazawa, a MEMBER of the Institute, also 
visited the Skyport. He is Professor of Aerodynamics at the 
Aeronautical Research Institute of the Tokio Imperial Uni- 
versity. 

Dr. H. Koppenberg, Chairman of Junkers-Flugzeugwerke 
G.m.b.H., and Managing Director of Junkers-Motorenbau 
G.m.b.H., of Dessau, Germany, is visiting aeronautical centers 
of the United States and has been extended the courtesies of the 
institute during his stay in this country. 
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MEETINGS 


October 15-17, 1936. S.A.E. National Aircraft Production 
Meeting, Los Angeles. 

December 4, 1936. Dinner given by the Institute of the 
Aeronautical Sciences in honor of Dr. George W. Lewis, at 
which the Daniel Guggenheim Medal will be presented to him. 
Hotel Biltmore, New York. During the day a joint technical 
aeronautical meeting of the A.S.M.E. and the LAe.S. will 
be held. 

December 9, 1936. Technical meeting, Air Races, Miami, 
Florida. 

December 28, 1936-January 1, 1937. American Association 
for the Advancement of Science Annual Meeting and Science 
Exhibition, Atlantic City. 

December 29, 1936, 2 p.m. 
I.Ae.S., Atlantic City. 

January 27-29, 1937. 
University, New York. 


Aeronautic Meeting of the 


Annual Meeting, I.Ae.S., Columbia 


January 28, 1937. Annual Dinner, I.Ae.S., Columbia Uni- 
versity Faculty Club, New York. 


MEETING AT ATLANTIC CITY 


During the Annual Science Exhibition in Atlantic City, 
the Institute, as an affiliated society of the American Associa- 
tion for the Advancement of Science, will hold a session on 
Tuesday morning, December 29th, at which the subject of the 
speed possibilities of aircraft will be considered by aeronautical 
specialists. Mr. T. P. Wright, Director of Engineering of the 
Curtiss-Wright Corporation will deliver a paper on “Speed 
and the Airplane.” 

The limiting factors of the speed of airplanes when they 
approach speeds of five and six hundred miles an hour in 
terminal dives are coming to be a practical question for de- 
signers. These, with the possibility of achieving such speeds 
in regular flight in the sub-stratosphere, will be discussed. 


Book Reviews 


Skypilot in Arnheim Land, by K. LANcrorp SmitH; Angus 
& Robertson Limited, Sydney, Australia, 1935; 272 pages, 6s. 


The Northern part of Australia is known as Arnheim Land 
and it was here that the pilot author of this book had the 
amazing adventures related. The book is not just a pilot’s 
log of his air jaunts but gives a humorous and very human 
picture of life in the Australian north country. 


Pacific Flight by P. G. Taytor; Angus & Robertson Lim- 
ited, Sydney, Australia, 1935; 262 pages, 8-6d. 


The pioneering of the airways of the Pacific Ocean will 
always be considered one of the epic achievements of aero- 
nautical history. The flight of the Lady Southern Cross from 
Australia to California in 1934 by the late Sir Charles Kings- 
ford-Smith and Captain Taylor, the author of this interesting 
book, was one of the greatest of transoceanic efforts. Captain 
Taylor tells the story of the trip with simplicity and directness. 


Die Luftfahrt-Navigation, by Turo E. SonnicHSEN; E. 
S. Mittler & Son, Berlin, 1936; 166 pages, RM. 2.50. 


This book, which is a manual for military instruction, treats 
aerial navigation in a popular way. The author intentionally 
avoids raising technical and scientific problems or making 
complicated explanations. Nevertheless, he goes into every 
detail of navigation. 

The book is divided into twelve sections as follows: Naviga- 
tion; Geography, Map Making and Map Reading; Geography 
of Germany; Magnetic Forces; Magnetic Compass; Deviation 
and Compensation; Airplane Compasses; Practical Aerial 
Navigation; Cross Country Flight; Meteorology in Aerial 
Navigation; Navigation by Radio, and Navigation Instruments. 

An Appendix contains the following charts: Range of Vision 
from 50 m. to 10,000 m. altitude; Beaufort Scale; Converting 
Nautical Miles into Kilometers; Converting Speed per hour 
into kilometers per hour; Distance Table of Points on the 
German North Sea Coast. 


Books Received 


Lasseter’s Last Ride, by Ion L. Ipriess; Angus & Robert- 
son Limited, Sydney, Australia, 1936; 251 pages, 6s. 


L’Influsso della Limitazione della Corrente Sulle Carat- 
teristische dei Modelli di Ali, Vol. XVI, No. 1; by E. 
PistoLes!; Institute Poligrafico della Stato Libreria, Rome, 
1936; 72 pages. 

L’Influsso della Limitazione della Corrente Sulle Carat- 
teristische dei Modelli di Ali, Vol. XX, No. 7-6; by E. 
Pisto.es1; Institute Poligrafico della Stato Libreria, Rome, 
1935; 40 pages. 


Flynn of the Inland, by Ion L. Iprress: Angus & Robertson 
Limited, Sydney, Australia, 1936; 306 pages. 


Gold Dust and Ashes, by Ion L. Ipriess; Angus & Robert- 
Limited, Sydney, Australia, 1935; 280 pages, 6s. 


Report on the Progress of Civil Aviation in India, 1935- 
1936; Government of India, Directorate of Civil Aviation; 
Published by Manager of Publications, New Delhi, India, 
1936; 80 pages; Price Re. 1 or ls. 9d. 
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The Institute exchanges the Journal with many other aero- 
nautical periodicals. They are kept on file at the Skyport in 
Rockefeller Center, New York City, where members may read 
them. As readers of the Journal may wish to subscribe to 
some of them, a list of these periodicals with their addresses is 
published here. Information regarding subscription prices may 
be secured from the Secretary of the Institute. 

Aero, Maneesikatu 2, Helsingfors, Finland. 


Aero Digest, 515 Madison Ave., New York City. 

Aeronautica Argentina, Velez Sarsfield 57, Cordoba, Argen- 
tina 

L’Aeronautique, 
France. 

L’Aerophile, 7 Rue Saint-Lazare, Paris, France. 

The Aeroplane, 175 Piccadilly, London, W.1, England. 

L’Aerotecnica, Via delle Coppelle 35, Rome, Italy. 

Les Ailes, 77 Boulevard Malesherbes, Paris, France. 

Aircraft Engineering, 2 Bloomsbury Place, London, E.C.i, 
England. 

Air Law Review, Washington Square East, New York 
City. 

Asas, Caixa Postal 1967, Rio de Janeiro, Brazil. 

Astronautics, American Rocket Society, 31 West 86th Street, 
New York, N. Y. 

Aviation, 330 West 42nd St., New York City. 

Aviation Weekly, 9401 Western Ave., Los Angeles, Cali- 
fornia. 

L’Aviazione, Corso Umberto 504, Rome, Italy. 

Boletin de Aeronautica Civil, Calle Azcuenaga 923, Buenos 
Aires, Argentina. 

Boletin Oficial de la Direccion General de Aeronautica, 
Magdalena 12, Madrid, Spain. 

Bulletin du Service Technique de l’Aeronautique, 72 chaus- 
see de Waterloo, Rhode-Saint-Genese, Belgium. 

Bulletin of the American Meteorological Society, Blue Hill 
Observatory, Milton, Massachusetts. 

Bulletin Officiel du R.A.A., 6, Rue de Mezieres, Paris (6), 
France. 

Bulletin Technique du Bureau Veritas, 31 rue Henri-Roch- 
fort, Paris (17), France. 

Canadian Aviation, Journal Building, Ottawa, Canada. 

Deutsche Luftwacht, Schoeneberger Ufer 46, Berlin W335, 
Germany. 

Les Fiches Aeronautiques, 6 rue Galilee, Paris, France. 

Flight, Dorset House, Stamford St., London, S.E.1, Eng- 
land. 

Flugwesen, Konviktska 22, Prague 1, Czechoslovakia. 

The Gliding and Soaring Bulletin, Soaring Society of 
America, Pensacola, Florida. 

Indian Aviation, P. O. Box 2361, Calcutta, India. 

Journal of Air Law, Northwestern University, Chicago. 

Journal of the Institute of Engineers, Australia, Science 
House, Gloucester and Essex Sts., Sydney, N. S. W., 
Australia. 

Journal of Research of the National Bureau of Standards, 
U. S. Govt. Printing Office, Washington, D. C. 

Journal of the Royal Aeronautical Society, 7 Albemarle St., 

Piccadilly, London, W.1, England. 


55 Quai des Grands-Augustins, Paris, 


JOURNAL OF THE AERONAUTICAL SCIENCES 


Exchanges 


450 


VOLUME 3 


Journal of Scientific Instruments, 1 Lowther Gardens, Exhi- 
bition Rd., London, S.W.7, England. 

Journal of the Society of Automotive Engineers, 29 West 
39th St., New York City. 

Letectvi, Celetna 13, Praha I, Czechoslovakia. 

Luftfahrt-Forschung, Verlag Oldenbourg, Munich 1, Ger- 
many. 

Die Luftreise, Lindenstr. 35, Berlin SW68, Germany. 

Luftfahrt-Literaturschau, Z.W.B. bei der D.V.L., Berlin- 
Adlershof, Germany. 


Model Airplane News, 551 Fifth Avenue, New York City. 

Model Aviation, The American Academy for Model Aero- 
nautics, 1733 RCA _ Building, Rockefeller Center, 
New York, N. Y. 

Monthly Weather Review, U. S. Dept. of Agriculture, 
Washington, D. C. 

Motor and Flying, 24 Bond St., Sydney, N. S. W., Australia. 

National Aeronautic Magazine, Dupont Circle, Washington, 
¢. 

Official Aviation Guide, 608 S. Dearborn St., Chicago. 

The Pilot, Grand Central Air Terminal, Glendale, Cali 
fornia. 

Il Politecnico, Via Spiga 32, Milan (2/7), Italy. 

Popular Aviation, 608 S. Dearborn St., Chicago. 

Proceedings of Institute of Radio Engineers, 330 W. 42d 
St., New York City. 

Publications Scientifiques et Techniques du Ministére de 
VAir, 55, Quai des Grands-Augustins, Paris, France. 

Review of Scientific Instruments, 175 Fifth Ave., New York 
City. 

Revista de Aeronautica, Ministerio de la Guerra, Apartado 
1047, Madrid, Spain. 

Revue de l’Armee de l’Air, 55 quai des Grands-Augustins, 
Paris, France. 

Revue du Ministere de l’Air, 71 avenue des Champs-Elysees, 
Paris, (8), France. 

Rivista Aeronautica, Ministero dell’Aeronautica, 
Italy. 

The Royal Air Force Quarterly, Gale & Polden Ltd. 2 
Amen Corner, London, E.C.4, England. 

Southern Flight, Ledger Building, Fort Worth, Texas. 
Texas. 
Sportsman Pilot, 515 Madison Ave., New York City. 
Technical News Bulletin of the National Bureau of Stand- 
ards, U. S. Govt. Printing Office, Washington, D. C. 
Technika Vosdushnogo Flota, Ul. Radio 16, Moscow 16, 
So 

La Technique Aeronautique, 2 rue Blanche, Paris (9), 
France. 

U. S. Air Services, Transportation Building, Washington, 

Western Flying, 420 S. San Pedro St., Los Angeles, Cali- 
fornia. 

Wirtschaft Technik Verkehr, Alte Jakobstr. 148/155, Berlin 
SW68, Germany. 

Zeitschrift fiir angewandte Mathematik und Mechanik, 
Kulmstr. 1, Dresden A24, Germany. 


Rome, 


ifs. 
ail 


1936 


OCTOBER, 


JOURNAL OF THE AERONAUTICAL SCIENCES 


AERONAUTICAL REVIEWS 


These brief reviews of recent articles on aviation subjects are published by the Army Air Corps for the 


VOLUME 3 


information of its officers, and are printed here each month by permission of the Chief of the Air Corps. The 
articles listed may not be obtained from the Army Aeronautical Museum Library as these magazines are avail- 


able to Wright Field personnel only. 


Aerodynamics 


Pressure Losses in Rectangular Elbows. R. ID. Madison and J. R. 
Parker. Paper previously published in the April issue is discussed hy 
R. K. Annis. he author’s reply 1s included. Transactions A.S.) E, 
August 1936, pages 491-493. 2 illus. 


Theory of the Slat in a Two-Dimensional Flow. V. V. Golubev. 
Possibility of obtaining an approximately rectangular pressure distribu- 
tion on the upper surface of an airfoil. It is considered probable that 
this result could be achieved through the sucking under of the stream 
at the trailing edge or by the insertion of vortices near the surface ot 
the wing. A particular case of the latter method is the slotted wing 
which the author analyzes. The theory of a wing with a forward air- 
foil is discussed in detail and the influence of the viscosity of the air is 
allowed for by a systematic application of Prandtl’s boundary-layer theory. 
Conditions under which the breakaway of the streamlines from the upper 
surface of an airfoil begins, and the influence of the slat on those con- 
ditions are determined. Results given in the second part show that a 
breakaway of the streamlines takes place if the fall in the velocity at- 
tains a certain magnitude. In the third part, the influence of a vortex, 
which is situated in the vicinity of an airfoil, on the distribution of the 
velocity over the upper surface is determined. Translated from Transac- 
tions of the Central Aero-Hydrodynamical Institute, Moscow, No. 147, 
Part 1, February, 1933. Journal Royal Aeronautical Society, "September 
1936, pages 681-708. 20 illus. 105 equations. 


Laboratory Instruction in Aerodynamics. K. G. 
should be small-scale, so that the re- 
space and operating power will be 
modest, and the auxiliary equipment, for making measurements, should 
be rugged, inexpensive, simple, sensitive and accurate. Schematic dia- 
grams of an aerodynamic balance arrangement and of a micromanometer 
are given and discussed. Journal Aeronautical Sciences, August 1936, 


pages 353-355. 2 illus. 


A Method of Air Flow Cinematography Capable of Quantitative Analy- 
sis. H. C. H. Townend. The method pe we differs from most others 
in that not only is the air made visible at a selected point in space, but 
its position in time is also under full control, enabling quantitative results 
to be derived from the flow pictures, since velocities may be measured at 
any point and at any time. Means of warming the air to make it 
visible at the desired position are described with particular reference to 
the spark or “hot spot’ method. Use of the normal-speed camera in 
making films of steady, periodic and turbulent motions, and use of the 
high-speed camera for photographing turbulent and transient motions 
are taken up. Films illustrating the flow of air past airfoils, influence 
of Reynolds number on the flow past an airfoil and an airfoil started 
from rest im still air are illustrated and explained. Dark ground illum- 
ination, and particle paths are also discussed. The films illustrated were 


made at the National Physical Laboratory as part of an educational film 
August 


Equipment for 
Merriam. Primary equipment 
quirements of first cost, housing 


for the British Air Ministry. Journal Aeronautical Sciences, 
1936, pages 343-352. 23 illus. 
The Pasadena Junior College Wind Tunnel. A. A. Merrill. Descrip- 


tion of the open-throat open-end wind tunnel of the Pasadena Junior 
College. The return of’air takes place in a large room and the tunnel 
test section is enclosed in an airtight chamber. Journal Aeronautical 
Sciences, August 1936, pages 366-367. 4 illus. 


Aircraft Design 


The Arrow Airplane. G. Richard. The unusual design of airplane 
proposed is called the Fiving Arrow and is said to have remarkable 
longitudinal stability. The wing is, in plan form, a very pointed arrow, 
the point extending beyond the fuselage in the front. At the front 
above and below the wing are two small stabilizing planes, the upper 
set at zero incidence and the lower at a positive incidence. Possible 
stability of such a design is briefly discussed. The Payen arrow air- 
plane is characterized by a very low drag. The two-place arrow plane 
is powered by a 70-hp. engine and makes 269 km. per hour. This 
brief description in the second issue deals with an airplane somewhat 
similar to that described in the first issue. Les Ailes, July 23 and 
August 6, 1936, pages 5 and 6. 3 illus. 


Research on a New Type of Flying Equipment: The ‘Helicoplan.”’ 
J. M. Lado-Bordowsky. For the same wing-loading . . . as that of a 
normal airplane, a reduction of 65 per cent of speed in take-off and 
landing is claimed for the helicoplan, and for the same speed in take-off 
or landing, the possibility of doubling or even tripling the total weight 
is foreseen. These improvements are obtainable by the aid of two lifting 
propellers for operating momentarily. The wing remains the principal 
element of the airplane and in normal flight the wing only will be 
utilized. Results obtained in research are described. L’Aéronautique, 
L’Aérotechnique Suppl., July 1936, pages 89-94. 12 illus. 


_ Rules of the “Société du Duralumin”’ for Its Light Airplane Compe- 
tition. Rules for a competition which offers prizes totaling 500,000 
francs and is open to French engineers and technicians. The object of 
the competition is to bring out the type of light airplane having, with 
complete safety, the best practical and economic features. Les Ailes, 
July 23, 1936, page 11. 
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A variation from a simple 
to a double lifting surface and a modification of the profile are unusual 


The Scissors Wing of the Stoop Airplane. 


American, E. 


invented by an 
2 illus, 


features of the variable-surface wing 
1936, page 6. 


Stoop. Brief description. Les Ailes, August 6, 


Some Secondary Factors Affecting Aircraft Performance. M. Rauscher, 
Intake power loss increasing with very high speeds, and exhaust power 
gain increasing directly with fiying speed, and an altitude effect are 
explained. The altitude effect is defined as the energy loss equal to the 
work required to raise the fuel from the ground to the altitude of steady 
ee Journal Aeronautical Sciences, August 1936, pages 368-369. 

illus. 


Tests of the Gerin. First flight tests of the Gerin, in spite of an 
accident due to centering, confirmed the good qualities of the variable- 
surface wing. Brief. Les Ailes, August 6, 1936, page 6. 


Longitudinal Trim Relations. W. H. Sayers. A plea for the use of 
the age sae a point in the normal monoplane as the datum in place 
of the C. G. Choice of this datum point is said not only to make all 
aerodynamic moments involved constant, except in regard to the varia- 
tions caused by actual changes im the airplane, but also to make the 
moment due to wing lift zero, and to allow a simple general analysis 
of trim conditions which has been found very illuminative. The idealized 
case investigated is that of a monoplane in which the aerodynamic 
centers of the wing and tail plane lie on one straight line, which is 
also the axis of thrust and of extra-to-wing resistance, and having its 
C. G. on that same line. Aircraft Engineering, September 1936, pages 
241-244. 6 illus. 8 equations. 


Technical Notes. Model of an unusual type of airplane being tested 
by A. Meister, a Swiss engineer, 1s said to appear very stable and to 
have a parachutal descent. Brief illustrated reference only. Les Ailes, 
August 13, 1936, page 3. 1 illus. 


Stress Analysis and Structures 


Stiffness of Thin Shells. H. R. Cox. The optimum stiffness obtain- 
able for a given weight of material is discussed with the elementary 
Batho-Bredt torsion formula as a basis. An elementary exercise on 
the distribution ot thin material in a wing cross section to give maxi- 
mum torsional stittness is described and curves are given which suggest 
that for the torsion-bearing skin to follow the wing profile may not 
give maximum economy. It is shown that for any thin-walled cylindri- 
cal shell the greatest stiffness for a given weight is obtained when the 
wall thickness of the material does not vary around the perimeter of 
the cross section. For a shell of constant cross-sectional profile, held 
at one end like a wing, it is proved that the greatest stiffness for a given 
weight of material is obtained when the wall thickness varies along the 
length directly with the integral from the free end of the applied torque. 
For a tip torque this means constant thickness throughout the wing. 
Aircraft Engineering, September 1936, pages 245-246. 7 illus. 15 
equations. 


z Shell Airplanes. O. Stewart. Geodetic construction increases 
wan yer range 2% times and the interiors of fuselage and wing are said 
to be completely free from internal bracing. Two entirely geodetic air- 
planes built for the Royal Air Force are the Vickers Weilesley and the 
new Vickers unnamed twin-engined mid-wing bomber. Reasons for the 


term geodetic are given. The performance of the Wellesley compared 
with that of an airplane of normal construction, reduction of flight 
noises, and other advantages arising from the geodetic construction are 
discussed. A tail section of the geodetic fuselage and a section of a 
typical geodetic wing structure showing construction details at the 
intersection of members are illustrated. Aviation, August 1936, pages 


23-25. 3 illus. 


Functions for Solution of Three-Moment Equation for Beam Columns 
with Nonuniform Loads. J. E. Younger. Three-moment equation for 


a continuous beam column with a nonuniform side load, a constant beam 
for concen- 


cross section, and with undeflected supports. Functions 
trated side loads and other nonuniform side loads are presented in 
graphical form. Transactions A.S.M.E., August 1936, pages 433-434. 


5 illus. 11 equations. 


Tapered Beam Column Analysis for Uniformly Distributed Loads. 
Equations are developed for the bending moment of a 


H. Stewart. 
tapered beam with end moments, a compressive axial load, a uniformly 
distributed transverse load, and a moment of inertia which, with 


respect to the coordinate system used, can be expressed as an algebraic 
monomial. Journal Aeronautical Sciences, pages 364-365. 1 illus, 


Aircraft 
The Swedish Aircraft Show in Stockholm. F. Wittekind. Aircraft 
and engines exhibited are described with illustrations of the Praga 
Baby, model ot the Do20, Sparmann S, the Polish PZL-23 fighter and 
bomber, the Monospar with a 95-hp. Pobjoy engines, the Polish Type 
3 Avia 60/64-hp. engine, and the new Jawa 35-hp. engine for light air- 
planes.. Automobiltechnische Zeitschrift, July 10, 1936, pages 340-342. 


7 illus. 
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Foreign News in Brief. Latest British airplane, designed especially 
for army cooperation flying, including artillery-spotting, reconnaissance, 
photography and low bombing, is the Westland strut-braced monoplane 
powered with a Bristol Mercury engine. Brief reference. Aero Digest, 
August, 1936, page 82. 


A New Single-Seater. New  high-wing parasol monoplane with 
girder struts of I-section duralumin is being built by H. Gill & Son 
and will be driven by a converted Ford 4-cylinder 10-hp. engine which 
develops 32 hp. Brief reference. Aeroplane, August 12, 1936, page 
225. 


New Trainers. Six Hendy Hecks have now been built by Parnall 
Aircraft, Ltd., all except one of these having been bought by the Air 
Ministry for experimental purposes. One has a Gipsy Six motor and 
numerous guns and another a Wolseley Aries. A third machine with 
a 305-hp. Wolseley Scorpio motor is to be tested as a_ high-speed 
trainer. Aeropiane, August 5, 1936, page 196. 


CZECHOSLOVAKIA 


Bata-Built. The Czechoslovakian Zlin XII has a top speed of 103 
m.p.h. when powered with a Walter Mikron 50-hp, engine, and has 
been flown for 700 hours without repairs. Characteristics and per- 
formance. Aeroplane, August 26, 1936, page 270. 1 illus. 


FRANCE 

Potez 63. ‘The new French three-place fighter, bomber and observa- 
tion airplane is equipped with two Hispano-Suiza 670-hp. engines and 
attains a maximum speed of 500 km. per hour. Photographs only. 
Les Ailes, August 13, 1936, page 1. 2 illus. 


Amiot ‘144’’ Bomber. The two-engined bomber described has been 
derived from the 142 and 143 and is designed to transport 1000 to 2000 
kg. of projectiles with fuel a distance of 4,000 km. cruising at 300 km. 
per hour. The bomber carries a crew of five and may be powered by 
two Gnome-Rhoéne 14 Kirs 800-hp. or 18 Lars 1200-hp. engines or by 
two Hispano-Suiza 79-06 1200-hp. engines. Powered with the 14 Kirs, 
the plane has a top speed of 350 km. per hour at 4,000 m. Long 
description of the construction, dimensions and performance with the 
three types of engines. Les Ailes, August 6, 1936, page 3. 2 illus. 


Breguet ‘460’. 
which has a top speed around 400 km. per hour. 
1936, page 1. 2 illus. 


Two views of the large two-engined Breguet 460 
Les Ailes, July 23, 


Design and Construction of the Loire 102. Experience with previ- 
ous Loire seaplanes which led to the design of the Loire 102 “‘Bre- 
tagne’’ seaplane. Six pages are devoted to drawings of structural 
details of the ‘“Bretagne’’ with explanations of each. Materials and 
equipment used in the seaplane are listed. A chart shows the progress 
in construction of the Loire 102 from June 1935 to May 1936. 
L’Aéronautique, July 1936, pages 131-140. 26 illus. 


The Loire 102 Four-Engined Transatlantic Seaplane. In the Loire 
102 designed for the South Atlantic service, the four Hispano-Suiza 
12Xbrs 720-hp. engines are arranged in tandem above the wing. Maxi- 
mum speed at 3,000 m. is 310 km. per hour. Details of construction, 
= and characteristics. L’Aérophile, July 1936, page 153. 
4 illus. 


Morane-Saulnier 350 Airplane for Training in Acrobatics. The bi- 
plane is powered with either a Renault 6 Pei inverted 220-hp. or a 
Salmson 6 Tes 220-hp. engine and has a top speed of 250 km. per 
hour. Details of construction, performance and_ characteristics. 
L’Aérophile, July 1936, page 150. 4 illus. 


One of a Line. The French Amiot 144 multi-seat fighter, long- 
range reconnaissance machine or bomber with two Gnome-Rhone K.14 
motors, does 217 m.p.h. with a full load which includes fuel for 1240 
miles. The makers hope to push the speed up to 240 m.p.h. at 13,000 
ft. by using two of the new 1200-hp. Hispanos. Photographs only. 
Aeroplane, August 5, 1936, page 179. 3 illus. 

The Potez 453 Pursuit Seaplane. Equipped with an Hispano-Suiza 


80 (14 Hbs) radial aircooled engine, the plane has a top speed of 
335 km. per hour at 3500 m. and climbs to 3500 m. in 4 min. 30 sec. 


Few details of construction, performance and_ characteristics. 
L’Aérophile, July 1936, page 150. 4 illus. 

The High-Speed Caudron-Renault ‘“‘Typhon’’. The light two- 
engined C.640 monoplane described in detail is derived from the 


commercial “Goeland” and is arranged either for the transport of mail, 
or as a light retaliation bomber. According to the distribution of the 
movable load, its range at 320 km. per hour cruising speed, varies 
between 5000 and 7000 km. Top speed is 369 km. per hour. The air- 
plane is powered with two Renault 220-hp. engines. Les Ailes, July 
23, 1936, page 3. 3 illus. 


Under Test at Villacoublay. First tests on the Bloch 131-B-4 single- 
seater pursuit have been completed. This is a low-wing all-metal mono- 
plane with a monocoque fuselage with excellent visibility for the pilot. 
A small series of Gourdou-Leseurre 432 B-1 single-seaters designed 
for dive bombing have been tested. Lioré-Dewoitine autogiros have 
been flight tested for the Army. The Mureaux 190 single-seater low- 
wing all-metal pursuit plane is powered by a Salmson 12-cylinder 
inverted 450-hp. engine. The Morane pursuit has completed all its 
trials for flight performance and military use and has been returned 
for a modification ot the wing. Brief references only. Les Ailes, 
July 23, 1936, page 3. 


GERMANY 


Ilo motor built 


Light airplane with a 20-hp. 
only. Aeroplane, 


design. Photographs 
3 illus. 


For Sport Flying. 
by Bock has an _ unusual 
August 12, 1936, page 213. 


A_ Trade Wind from Germany. The metal-clad B.F.W. Me. 108b 
or Taifun is powered by an Argus As 10C. inverted-Vee 240-hp. engine 
and has a top speed of 186 m.p.h. and a landing speed of 45 m.p.h. 
— and performance. Aeroplane, August 12, 1936, page 213. 

illus. 


The All-Duty Dornier Do-22 Seaplane. A. Frachet. A small series 
of this military monoplane have been constructed for Jugoslavia. The 
plane is equipped with an Hispano-Suiza 12 Ybrs 890-hp. engine. As a 
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three-place seaplane it can carry out all the duties of cooperation, or, 
as a two-seater, it functions as a bomber or torpedo plane. Its maxi- 
mum speed is 320 km. per hour and it covers 1000 km. Long descrip- 
tion, es Ailes, August 13, 1936, page 3. 5 illus. 


Flapped and Slotted. The Fieseler F.97 four-seater monoplane with 
a means of adjusting the wing area has a top speed of 152.1 m.p.h., a 
landing speed 36 m.p.h., and an initial rate of climb of 1141 ft. per 
min, It is powered with an Argus As.10 250-hp. eight-cylinder in- 
verted-vee air-cooled engine. Characteristics and performance. Aero- 
plane, August 26, 1936, page 271. 2 illus. 


The Latest Junkers Bi-Motor. With 750-hp. engines and con- 
trollable-pitch propellers, the Ju 86 reaches a top speed of 226 m.p.h. 


at 7000 ft. and cruises at 210 m.p.h. at 12,000 ft. It is offered with 
two Pratt-Whitney Hornet 750-hp. air-cooled radials, with 745-hp. 
Rolls-Royce Kestrels, or with 600-hp. Junkers Jumo 205 Diesels. 


Characteristics and performance. Aeroplane, August 26, 1936, pages 


268-269. 5 illus. 


Not Guilty. 
Photographs only. 
5 illus. 


seaplanes of the Luftwaffe. 
1936, pages 259 and 270. 


Twin-float twin-motor 
Aeroplane, August 26, 


Great Britain 


Fastest Fighter. Vickers Supermarine Spitfire, ‘‘fastest military air- 
plane in the world,” is said to have a top speed of over 300 m.p.h. 
It was flown for three minutes when a leaking joint in the oil sys- 
tem necessitated a landing. Brief reference to its aerodynamic superior- 
ity to the Schneider trophy seaplanes from which it was derived. 
U. S. Naval Institute Proceedings, September 1936, page 1356. 


Transatlantic Preparations. The giant four-motored flying boat, 
prototype ot the British airliner for transatlantic service, has made 
its first appearance and others are nearing completion. Prospects for 
the service are briefly referred to. U. S. Naval Institute Proceedings, 
September 1936, page 1355. 


The Fairey Bomber. The Fairey Battle light two-seater bomber is 
considered at least 100 m.p.h. faster than any French bomber and is a 
combination of a bomber with the maneuvering qualities of a fighter. 
The top speed is said to be close to 300 m.p.h. coupled with adequate 
range and a high bombing capacity. The British are said to have the 
jump on American constructors in regard to the liquid-cooled engine 
such as that used on the bomber. Reference is made to the bomb 
loads carried in special compartments within the structure which do 
not detract from the performance, and to the wheel-release warning 
and construction. Brief description. Scientific American, September 
1936, pages 154-155. 2 illus. 


HOLLAND 


In Holland Fokker has equipped one of his C-X two-seater pursuit, 
reconnaissance and light bombers with an Hispano-Suiza 12 Ydrs 
engine. With a total weight of 2350 kg., the plane has a top speed 
of 345 km. per hour at 4000 m. and climbs to 5000 m. in 10 minutes. 
Photograph only. Les Ailes, August 13, 1936, page 8. 1 illus. 


ITALY 


Arched Wing. Two new monoplanes built by the Societa Anonima 
Piaggio of Italy incorporate a form of arched spar. The P.16 is 
credited with a speed above 250 m.p.h., a range of 1200 miles, and a 
bomb load of 3300 lb. The P.23 is a four-motored airplane. Photo- 
graphs only. Aeroplane, August 26, 1936, page 267. 3 illus. 


The Nardi “305”. The Italian Nardi 305 two-place low-wing sport 
plane in which Captain G. Zappetta broke the world speed record for 
light multiplace airpianes weighing less than 560 kg. Powered by a 
Fiat A-70S 180-hp. engine the airplane made an average speed of 310 
km. per hour. Construction, dimensions, and performance discussed 
in detail. Les Ailes, July 30, 1936, page 6. 


_The Fastest Civil Float-Plane. Driven by three 700-hp. Piaggio 
X RII air-cooled radials, the Cant Z.506 seaplane cruises with tweive 
passengers at 161 m.p.h. on 60 per cent full power. Specifications and 


performance. Aeroplane, August 5, 1936, page 180. 2 illus. 
The Aeroneer—All-Metal—Two-Place. A low-wing 2-place mono- 


plane, powered with a Menasco C—4 150-hp. engine. Construction details 
but no characteristics or performance figures. Western Flying, August 
1936, page 22. 1 illus. 


Ranger “24”. New Fairchild cabin 
formance. Brief description. Aviation, August 1936, page 41. 
Western Flying, August 1936, page 32. 1 illus. 


Ryan’s New ST Series. Performance and design of the 1936 versions 
of the Ryan Model ST airplanes are described in detail and specifications 
given for the different ST models powered with Menasco B4 95-hp., C4 
125-hp., and C4S 150-hp. engines, respectively. Aviation, August 1936, 
pages 35-37. 6 illus. 


monoplane with improved per- 
1 illus. 


Airships 


Vulnerability of Airships to Airplane Attacks. Lieutenant E. K. 
Van Swearingen. The use of helium and heavy fuel oil and the air- 
ship’s ability to submerge in a cloud and remain there with the sub- 
cloud car lowered are pointed out as the main advantages of the airship 
against attacking airplanes. The record of the airship during the war 
is quoted. This article 1s preceded by one entitled ‘British Destruction 
of Zeppelins.” 3. Naval Institute Proceedings, September 1936, 
pages 1244-1246. 


As to Service, Operations, and Maintenance of the Hindenburg. 
Captain E. A. Lehmann. Advantages of airship travel in saving time 
with only a very brief discussion regarding the maintenance, operation 
and training of personnel. U. S. Air Services, August 1936, pages 24-26. 


The Field of the Large Commercial Airship. K. Arnstein. Respective 
merits of various types of aircraft and how they may be fitted into a 
world-wide transportation system are discussed with emphasis on the 
superiority of the airship for transoceanic service. Assumed figures for 
an airship and a flying boat are given in a table to indicate how the 
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picture changes with range when pay-load miles are taken as a measure 
of merit. Curves show that the specific conveyance output of airships, 
even in the smallest range considered, is more than twice as large as 


that for flying boats. Journal Aeronautical Sciences, August 1936, 
pages 358-363. 1 table, 7 illus. 
Two Airships for United States Ocean Service Urged. Report by a 


Committee of the Business Advisory Council of the Department of Com- 
merce, giving the results of its study of policy and program for the 
United States on airships. The opinion is expressed that the airship 
has a definite place in international overseas transportation and Nava] 
cooperation with a commercial program is recommended. Training 
cratt capable of toting airplanes is advocated. U. S. Air Services, 
August 1936, pages 19-21. 


Propellers 


The Slotted Airscrew. Propeller blade with slots tested in the United 
States by C. T. Holman on a Travelair biplane with an Axelson engine. 
The object of the design was chiefly to reduce noise but it is said 
that the addition of slots also improved the efficiency of the propeller. 
Brief discussion of results. Aeroplane, August 12, 1936, page 215. 2 illus. 


Records and Races 


Disappointing results obtained at the 24th Annual 
Avia- 


_Balloon Battle. 
National Balloon Race in which the Army balloon burned. Brief. 
tion, August 1936, page 59. 


The Cruise of the Big Duck. An account of the world-record flight 
made by Major Generals F. M. Andrews and F. R. McCoy in flying 
1410 miles non-stop from Puerto Rico to Langley Field in an amphibian. 
Most of the account is devoted to the Langley Field-Puerto Rico flight. 
U. S. Air Services, August 1936, pages 16-18, 32. 1 illus, 1 photo- 
graph. Aviation, August 1936, page 63. Army Ordnance, September- 
October 1936, page 113. 


Records Fall in 353 Hours of Soaring at Elmira. Soaring contest at 
Elmira with brief references to the two-way radio experiments, four 
launching methods used, a meteorological innovation, and records made. 
Aviation, August 1936, pages 26-28. 10 illus. 


The 6 Heures d’Angers. M. Jaffeux-Tissot. Characteristics and per- 
formance of the Caudron C 684 airplane winner and a list of the air- 
+. Participating in the contest. L’Aérophile, July 1936, page 161. 

illus, 


_ $70,000 in National Air Race Purse. 
National Air Races. Brief. Western Flying. 


Events planned for the 1936 
August 1936, page 15. 


Engine Design and Research 


Calculations for the Design of Connecting Rods for High-Speed 
Pistons. E. Schwete1t. Dimensions of the crankpin and small-end bear- 
ings, preliminary design of a connecting rod, bearing length, investiga- 
tion of stresses for the various working requirements, elastic deformation, 
the influence of centrifugal and accelerating forces on the connecting 
rod, and buckling resistance of the shaft are discussed. Formulas are 
developed for use in the design of connecting rods for high-speed pistons. 
Automobiltechnische Zeitschrift, August 10, 1936, pages 375-381. 8 
illus. 36 equations. 


_Effect of a Change of Compression Ratio in Carburetor Engines. 

E. Drucker. The factors discussed include the average internal side 

thrust of the piston, early spark, average useful side thrust, perform- 

mance, fuel consumption, carburetor adjustment, valve timing, maximum 

pressure, and the temperatures of the cooling water and exhaust gases. 

—e Zeitschritt, July 25, 1936, pages 347-351. 8 illus. 
tables. 


Papers from Section Meetings in Digest. ‘Modern Aircraft-Engine 
Development’, W. B. Goodman. “Transforming Variables into Con- 
stants in the Manufacture of Woolens and Worsteds’’, H Grimes. 
“Aids to Commercial Efficiency in Diesel Research’, J. Kuttner. ‘The 
Government's Interest in Commercial Aviation”, J. S. Marriott. ‘‘Modern 
Aids to Aerial Navigation’, A. A. Barrie. Brief abstracts of these 
papers as well as of papers dealing with automobiles, buses and trucks. 
S. A. E. Journal, September 1936, pages 25-27. 


Series of Lectures of the Automobil-u. Flugtechnische Gesellschaft. 
Presented during the Darmstadt Session of the V.D.I. Forged and cast 
crankshafts, estimation of stress conditions from the appearance of a 
fracture, possibilities for increasing the durability of construction parts 
with unavoidable notch effects, test runs with German fuels, further 
development of gas producers for automobiles, and German bearing 
materials in high-speed engines are the subjects of the brief abstracts 
given. Discussion of the papers included. Automobiltechnische Zeit- 
schrift, July 25, 1936, pages 365-374. 9 illus. 


The Terres Engine. A. R. Leye. The combustion air is inducted in 
two parts in the six-cycle engine described. The first intake of air 
forms a mixture of insufficient air and fuel which after ignition produces 
incomplete combustion and a so-called evaporation of the fuel. The 
second intake of air into the same cylinder burns the residual fuel gas 
to carbon dioxide and water vapor. To test the new method an 8-hp. 
MAN Diesel engine was rebuilt from a four-cycle to a six-cycle engine 
and provided with a carburetor arrangement. Long description of test 
results and theory. Automobiltechnische Zeitschrift, July 10, 1936, 
Pages 329-331. 13 illus. 1 table. 3 equations. 


Bearing Protection Device. The lubricating fluid passes through the 
protecting means when entering the bearing cavity and is filtered in 
such a manner as to exclude any material other than the petroleum 
base. Drawings of device patented by W. R. Griswold. Automotive 
Industries, August 29, 1936, page 280. 3 illus. 


_A full-length water jacket and a box-girder 
earings increased the rigidity and a_ reinforced 
i Effect of the various 


Engine Block Design. 
type of support for 
crankcase roof minimized transverse vibration. 
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factors contributing to a high stiffness-weight ratio of an automobile- 
engine cylinder block. Discussion of an S.A.E. paper “Engine Rough- 
ness”, by P. M. Heldt. Automotive Industries, August 22, 1936, pages 
242-244. 6 illus. 


Internal Combustion Engineering. P. Dumanois. Characteristic fea- 
tures of heavy fuel oil with constant atomization and limited maximum 
pressure. Equations for the angular lead before dead center, at which 
injection begins, the real angle of injection of the fuel, and the velocit) 
of injection. Abstract from Comptes Rendus des Séances de L’Académie 
des Sciences, April 27. Mechanical Engineering, September 1936, pages 
592-593. 


Studies of Heavy-Oil Aircraft Engines in Belgium. J. Ducarme. 
Reference is made to the principal characteristics of the O.L.M. and 
P.P.1 9-cylinder radial air-cooled heavy-oil engines which develop, 
respectively, 250 hp. at 1800 r.p.m. and 300 hp. at 2000 r.p.m. Designs 
formed on the heads of the pistons by the turbulence of the air in the 
combustion chamber, coupling the engine to a brake, influence of the 
lubricating-oil consumption, instability of engine revolutions, cooling ot 
the injectors, and test results are discussed. L’Aéronautique, July 1936, 
pages 141-146. 8 ilius. 


Engine Maintenance 


The Airline Maintenance Conference. Maintenance Committee meet- 
ing of the Air Transport Association regarding the rating of engines, 
the life expectancy of engines and other parts, ignition problems, quality 
of lubricating oil used, and the overhaul practices of the operators. 
Western Flying, August 1936, pages 13-15, 38. 


Engines 


Alcides has been chosen as the name of the 
1300-1400-hp. double-bank 18-cylinder air-cooled radial engines being 
produced by the Alvis Car and Engineering Company. The 1000-hp 
double-bank 14-cylinder motor has been named Pelides. Both sizes will 
be available in two forms, either mediumly or fully supercharged to 
5000 or 13,000 ft. Brief reference only. Aeroplane, August 5, 1936, 
page 195. 


Alvis Nomenclature. 


The new Coatalen 12-cylinder vee Diesel engine 
developed 450 hp. at 1800 r.p.m. in its first tests. It has 36 liters ot 
cylinder and a fuel consumption of 165 grams per hour. The injection 
system is controlled by balanced needles at a constant injection pressure. 
Few details. Les Ailes, August 6, 1936, page 6. 1 illus. 


With Foreign Builders, Diesel engines in use on transport lines in 
Europe. It is said that a plane under construction in the United States 
will be powered with six Junkers Diesels to fly on the transatlantic 
schedule between Europe and North America. The Junkers aircraft 
company is testing a 2000-hp. engine and is experimenting with a geared 
engine developing 2000 hp. at 3400 r.p.m. Comparative characteristics 
of the Junkers Ju-86 with two types of engines, namely B.M.W. 
Hornets and Junkers Jumo 5, are given and references are made to the 
Dornier Do-18 long-range mail and cargo flying boat which is powered 
by the agg 5 engine. Brief discussion. Aviation, August 1936, page 
49. 2 illus. 


Wright Cyclone Series G. New R-1820-G 1000-hp. Cyclones, which 
will power the Douglas and Boeing bombers ordered for the Army Air 
Corps, are now available for both domestic and export sales. Specific 
fuel consumption 1s given as 0.43 lb. per b.hp.-hr. at cruising horsepower. 
Description of new features. Aviation, August 1936, pages 37, 40, 41. 
3 illus. J. S. Air Services, August 1936, page 34. 1 illus. Western 
Flying, August 1936, page 28, 2 illus. Aero Digest, September 1936, 
pages 32, 35. 6 illus. 


Air-Cooled Radial Aircraft Engine Installation. P. A. Anderson. Cowl- 
ing, engine mounts, exhaust systems, carburetor-ice eliminators, oil and 
fuel systems, controls, and accessories are described. Fundamental 
requirements for the satisfactory operation of Wright air-cooled aircraft 
engines. S. A. E. Journal (Transactions), September 1936, pages 341- 
350. 17 illus. 


Fuscaldo Engine. The barrel-type aircraft engine exhibited at Milan 
has three cylinders, each containing two pistons, and is said to have a 
displacement of 63 cu. in. per cylinder, a weight of 231 Ibs. and an 
output of 60 hp. Brief reference to article in La Technique Moderne. 
Automotive Industries, September 12, 1936, page 358. 


A Heater to Prevent a Hazard. Airplane air heater designed to_pre- 
vent the formation of ice in the carburetor in cold weather. Brief 
description of heater developed by Eastern Air Lines in cooperation with 
H. E. Davies, chief engineer, of the Pollack Manufacturing Company. 
Automotive Industries, September 19, 1936, page 384. 1 illus. 


New Carburetors with Accurately Controlled Air Supply. Control of 
intake air is automatic in the new GUC carburetor described and an 
improved type of spraying nozzle is employed which distributes the fuel 
in a fine vapor so that a uniformly distributed mixture is obtained. 
Details of new German carburetor. Automobiltechnische Zeitschrift, 
July 25, 1936, page 363. 2 illus. 

Showing the Way. The French Caudron-Renault combination has 
installed oppositely-turning motors in a twin-motored airplane. (Renault 
220-hp. engines in a Caudron C.640 typhon airplane.) Brief reference 
Aeroplane, August 19, 1936, page 228. 


Heavy Oil Engines. 


Superchargers 


“Boost” Regulator. Maximum boost is maintained at take-off, but at 
cruising speed the boost is limited to rated power by an_ engine oil- 
actuated servo piston controlled through two sylphons by intake mani- 
fold pressure. Details and drawing of an automatic two-position super- 
charger boost regulator for Cyclone engines which was developed by 
Wright and Eclipse. Aviation, August 1936, page 43. 1 illus. 


A new exhaust-driven supercharger for stratosphere flying 


Chronicle. ch: 
Division. It is claimed that the 


has been announced by the Materiel 
new device, which operates at a speed of 40,000 r.p.m. will enable 
Army planes to outperform any others in the world at high altitudes. 
Briet reference. Army Ordnance, September—October 1936, page 114. 
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Rocket Propulsion 


Liquid-Propellant Rocket Development. R. H. Goddard. Develop- 
ment of a combustion chamber, or rocket motor, that is extremely light 
and powerful and can be used repeatedly, and of a means of stabilization 
that operates automatically while the rocket is in flight is the chief 
accomplishments of the research to date. Gyroscopic control and speeds 
of 500 and then 700 m.p.h. were attained. The next step toward higher 
speeds and elevations will be weight reduction. Description of test 
shop, the 20-ft. tower used for static tests of the rockets, and the testing 
equipment. Concluded. Scientific American, September 1936, pages 
148-151. 17 illus. 


Turbines 


Utilization of Steam Turbines in Aeronautics. M. Precoul and B. 
Rabinovitch. The steam turbine is considered more suitable than the 
gasoline engine for powering high-speed stratospheric aircraft. Varia- 
tions in the power of turbines with altitude are inted out and objec- 
tions raised to the use of turbines are refuted. arious types of steam 
turbines designed for aircraft are described and illustrated including the 
American Bessler, the airplane project of the Great Lakes Aircraft 
Corporation in collaboration with General Electric, the American Brobeck 
and the German Wagner projects, and the turbine and airplane of 
Huettner. Concluded. L’Aérophile, July 1936, pages 154-158. 6 illus. 


Fuels and Lubricants 


Alcohol-Gasoline as Motor Fuel. G. Egloff and J. C. Morrell. Com- 
pared to gasoline, alcohol-gasoline is said to have no over-all technical 
advantages. The increased fuel consumption of a 10-per cent alcohol- 
gasoline blend is approximately 4 per cent higher than gasoline alone, 
based on both road and block tests. The improvement in antiknock 
value and consequent efficiency when alcohol is added to gasoline is less 
than the decrease in efficiency as measured by fuel consumption. Oper- 
ating difficulties are introduced especially in regard to starting, accelera- 
tion, and vapor lock. The ease with which the components separate 
when traces of water are introduced makes handling and shipment 
difficult and the cost of alcohol-gasoline is much higher than that of 
the gasoline alone. Paper presented at the American Chemical Society 
Symposium on Motor Fuels. Industrial & Engineering Chemistry 
Industrial Ed., September 1936, pages 1080-1088. 7 illus. 10 tables. 


Alcohol-Gasoline Blends. L. M. Christensen. Properly prepared 
alcohol blends, containing not more than 25 per cent of alcohol by 
volume, may be used interchangeably with gasoline of equal anti-knock 
rating. Such blends may safely be stored and distributed in modern 
commercial equipment. Used in this type of blend, the alcohols are not 
substitutes for gasoline but serve the purpose of increasing the anti- 
knock value and otherwise improving the fuel. Results of power, 
economy and road tests. Paper presented at the American Chemical 
Society Symposium on Motor Fuels. Industrial & Engineering Chem- 
istry Industrial Ed., September 1936, pages 1089-1094. 4 illus. 5 tables. 


Letters to the Editor. Comments by S. D. Heron and Arthur Nutt 
on the letter from L. de Florez, published in the last issue of the maga- 
zine, which discussed the use of 100-octane-number fuels. Journal 
Aeronautical Sciences, August 1936, pages 370-371. 


Machine for Testing Stability of Greases. Taft-Pierce device for 
determining the mechanical stability of heavy lubricants. Brief details. 
Iron Age, August 20, 1936, page 45. 


Engine Performance with Gasoline and Alcohol. L. C. Lichty and 
E. J. Ziurys. Power, fuel consumption, and other performance character- 
istics of internal-combustion engines when using gasoline and ethyl 
alcohol as fuels. Theoretical analysis shows ideal possibilities ranging 
from 2.0 per cent increase in power with gasoline compared to pure 
alcohol, to 8.6 per cent increase with pure alcohol compared to gasoline, 
depending upon mixture conditions. Water in 190-proof ethyl alcohol 
had a negligible effect on power but increased the specific fuel consump- 
tion about 6.6 per cent. Results given for tests on a variable-compression 
single-cylinder CFR engine and on a 1935 Chevrolet engine under various 
conditions indicate a small average increase in power in favor of the 
190-proof alcohol, although not much more than the experimental error 
involved. Specific fuel consumption with 190-proof alcohol is about 60 
per cent higher on a weight basis and 50 per cent higher on a volume 
basis than that of gasoline. Paper presented at American Chemical 
Society Symposium on Motor Fuels. Industrial & Engineering Chem- 
istry, Industrial Ed., September 1936, pages 1094-1101. 10 illus. 1 table. 

equations. 


A New High-Octane Blending Agent. H. E. Buc and Major E. E. 
Aldrin. A new _ high-antiknock fuel is discussed which is well suited 
for the modern high-output aircraft engine and potentially available in 
large quantities. Isopropyl ether is the high-octane blending agent used. 
Results are given for full-scale multi-cylinder engine tests with this 
material and iso-octane, each blended with aviation gasoline to give a 
100-octane fuel with 3 cc. of tetraethyl lead, and with iso-octane blended 
with aviation gasoline to give a 92-octane fuel with 3 cc. of tetraethy] 
lead. Minimum specific fuel consumption of the isopropyl-ether 100- 
octane blend is lower under cruising conditions than the 92-octane, but 
higher than the 100-octane iso-octane blend. The lower economy of 
isopropyl ether may be overcome by going above the 100-octane number. 
The 100-octane blends of isopropyl ether and iso-octane give equal power 
output and consumption under high-power conditions. The material 
easily meets water-tolerance specifications showing only slight solubility 
in water. Low gum content and satisfactory resistance to oxidation of 
these blends indicate the storage stability proved by storage tests. 
S. AE. Journal (Transactions), September 1936, pages 333-340, 357. 
9 illus. 6 tables. 


Utilization of Ethanol-Gasoline Blends as Motor Fuels. O. C. Bridge- 
man. Alcohol blends are compared with gasoline on the basis of engine 
power, acceleration, and fuel consumption, vapor lock, engine starting 
and warming, and water tolerance of the fuel. Small percentages ot 
ethyl alcohol in the blend were found to be more advantageous than 
large percentages from the standpoints of maximum power and accelera- 
tion for minimum fuel consumption, and of ease of engine starting and 


warming. Paper presented at the American Chemical Society Symposium 
on Motor Fuels. Industrial & .Engineering Chemistry, Industrial Ed., 
September 1936, pages 1102-1112. 4 illus. 9 tables. 


Effect of Detonation on Oil Consumption. Detonation increases oil 
consumption whether detonation be achieved by advancing the spark or 
by varying the fuel. The oil consumption increases with the severity 
of detonation. The effect of detonation does not always immediately 
vanish with cessation of audible detonation, but may persist as a hang- 
over effect. Results of tests to account for a marked increase of oil 
consumption previously observed in service tests of lubricating oils in 
automobile engines. Brief abstract. S. A. E. Journal, September 1936, 
page 18. 


Aircraft Instruments 


Alkan Artificial Gyroscopic Horizon. The instrument described utilizes 
a gyroscopic pendulum which returns very rapidly to its position of 
equilibrium, due to a new system of correction, The instrument has 
been ordered for airplanes of the French air force. Les Ailes, July 23, 
1936, page 5. 1 illus. 


Instrument Illuminator. New Fairchild instrument illuminator using a 
special optical outfit. Few details. Scientific American, September 
1936, pages 155-156. 1 illus. 


The Mechanics of the Inductor Compass. The design and operation of 
the earth-inductor remote-reading direction indicator for aircraft. Western 
Flying, August 1936, pages 19-20. 1 illus. 


Navigation Instruments. The Cluzel calculator, the Ducommon Aero- 
ealculator, and the Salmoiraghi and Pioneer bubble  sextants are 
described. Concluded. L’Aérophile, July 1936, pages 159-160. 3 illus, 


Acoustics 


Reduction of Airplane Noise and Vibration. C. J. Spain, D. P. Loye 
and E. W. Templin. The importance of accurate and complete acoustic 
measurements in the reduction of noise and vibration in airplanes. Loud- 
ness and noise intensity are compared and the equal-loudness contours 
over the range of pitch and volume audibie to the ear are illustrated. 
The Western Electric sound-level meter, frequency analyzer and dynamic 
type of microphone, and the measurement of overall vibration and vibra- 
tion-frequency components by the use of a vibrometer in conjunction with 
these devises are described. Laboratory measurements and flight tests 
in regard to noise intensity, noise radiation from surfaces, noise-fre- 
quency and vibration-irequency analyses, and the separation of com- 
ponent noise characteristics are discussed. Transactions, A.S.M.E., 
August 1936, pages 423-431. 19 illus. 


Testing Apparatus 


The Month’s New Instruments. Eclipse remote-reading flowmeter, 
Mann optical flats, Bristol low-sensitivity controllers, Pittsburgh hardness 
tester, General Electric portable volt-wattmeter, Bausch and Lomb 
depthescope, Roller-Smith potential indicator for high-voltage lines, 
Toledo pocket force-measuring instrument, RCA _beat-frequency oscilla- 
tor, Readrite ranger-examiner signal generator, Bushnell rigid-stem air- 
operated temperature controller, Scott autographic elongation tester for 
yarns, Mann metals and minerals polishing machine, Tagliabue miniature 
traveling recorder, General Electric meter, Republic record- 
ing thermometers, tester for plastics, Hickok radio and audio oscillator, 
Eastman simplified outfit for photomicrography, National self-operating 
controller, Sigma sensitive relay, Stillman elapsed-time register, Sundt 
1/100-hp. variable-speed miniature motor and drive, Continental photo- 
electric cell, and the United States Testing Company thread diameter 
continuous recorder and grader. Brief descriptions. Instruments, 
August 1936, pages 213-220. 27 illus. 


New Instruments and Tools. Hilger photoelectric absorptiometer, 
Negretti and Zambra adjustable micro-comparator, Reyrolle_ portable 
earth and polarity tester, and the Fairchild Hagner position finder are 
described. Journal Scientitic Instruments, August 1936, pages 268-272. 
5 illus. 


Batteries 


Airplane Batteries. In the German accumulator battery for aircraft 
use a sediment chamber is provided below the plate in which the lead 
sediment will collect. In any possible position of the battery, this sedi- 
ment can not escape from the chamber and produce short circuiting. 
Another feature is the construction of screw plugs which in any position 
prevent the escape of the acid. The battery is said to be of particular 
value for military airplanes. Brief description. | Automobiltechnische 
Zeitschrift, August 10, 1936, pages 391-392. 4 illus. 


New type of Battery. In the Kathanode battery for automobiles the 
positive plate is completely surrounded by a flexible and very porous 
glass retaining mat which prevents it from shedding its active material. 
Few details. Automotive Industries, September 19, 1936, page 382. 


Ice Formation Prevention 


Licking the Icing Menace. J. P. Eames. Problems arising from 
built-up layers of ice modifying the profile and contours of the airfoil 
sections, introducing vibrations in propeller blades, and restricting the 
fuel supply to the engine carburetor are considered. The use of rubber 
fabric coverings or overshoes affixed to aircraft surfaces, the slinger- 
ring propeller de-icer, and a means for eliminating carburetor ice are 
described. Western Flying, August 1936, pages 8-10, 38. 2 illus. 


No Ice Today. J. Frye. Experimental work carried out by Trans 
continental and Western Air on de-icing equipment for its transport 
airplanes, with special reference to the development of a rubber covering 
for the wings, a slinger-ring propeller de-icer, and the Rivnut principle 
of fastening wing de-icers to the airplane’s surface. U. S. Air Services, 
August 1936, pages 13-14. 
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Metals 


RIVETING 


Rapid-Fire Riveting. With the Chobert system described 1200 rivets 
an hour may readily be iastened in place and rivets as small as 3mm. 
in diameter may be used. The new system makes use of tubular rivets, 
but these are of special form in that the inside diameter is reduced by 
an internal collar. Aeroplane, August 5, 1936, page 195. 5 illus. 
WELDING 

How One Manufacturer Saves Spot Cash by Spot Welding Aluminum 
Alloys in Production. C. W. Steward. Methods of welding employed 
at t : 5 chance Vought Aircraft Corporation by means of which more 
than 12,000 spot welds a day are made with aluminum alloys. _Produc- 
tion Ban 2 dh surface conditions, wire brushing, welding technique and 


cost of spot welding as compared with riveting are taken up. Aviation, 
August 1936, pages 29-31. 3 illus. 
Plastics 


Plastic Glass. Methy] methacrylato polymer, or ‘“Pontalite,” is the 
new transparent plastic announced by Du Pont. Half as heavy as 
common glass and strong enough to resist 4 to 5% tons per sq. in. 
pressure, it is still softer than glass and can be sawed, drilled, cut, 
polished and molded to any form. It is also practically non-inflam- 
mable and unaffected by sunlight, and as a liquid can be used to 
impregnate wood, cloth, paper, and stone. Brief reference. Business 
Week, September 19, 1936, page 12. 1 illus. 


“Filled” Resins and Aircraft Construction. G. De Havilland. Pos- 
sibilities for the development of synthetic resins as aircraft materials 
with regard to their strength/weight ratio, elastic modulus, ratio of 
elastic modulus to stress developed, and specific gravity. Synthetic 
resins with various fillers are examined and their application as a 
propeller material is discussed. Reference is made to a controllable- 
pitch propeller with blades machined from blocks of a standard fabric- 
filled Bakelite insulating material which has been undergoing thorough 
flight trials recently. Journal Aeronautical Sciences, August 1936, 
pages 356-357. 3 tables. 


Resins for Cellulosic Impregnation. Wood, pulp and_ cellulose 
materials are said to be strengthened and given greater resistance by 
impregnation with a new line of resins recently developed by General 
Plastics, Inc. The resins eliminate shrinking and swelling caused by 
moisture absorption and give greater impact strength and _ surface 
hardness. Brief reference. Industrial & Engineering Chemistry, 
News Ed., August 10, 1936, page 310. 


Radio 


Direction Finder. The aural-null and right and left visual indicating 
direction finder described uses a cathode-ray beam and is a develop- 
ment of the Airplane and Marine Direction Finder Corporation. The 
set-up weighs 68 pounds. Aviation, August 1936, pages 45-46. 2 illus. 


Preventing Collision in the Air. A “perfectly practicable’ collision- 
preventer produced at the Radio Research Station of the National 
Physical Laboratories is described and its possibilities as a ‘Radiaura” 
for aircraft are discussed. The collision-preventer will give the bearing 
and distance of any craft within a certain pre-determined distance of 
the instrument, provided that craft is equipped with some kind of a 
simple transmitter. The bearing of the on-coming vessel, or vehicle, 
is indicated by a flashing line, the length of which is proportional to 
the distance of the other craft. Details of the cathode-ray tube and 
other parts of the apparatus itself are given. It is also suggested that 
the interference produced by the ordinary unscreened ignition system 
be used to send out warning waves. Front and rear views of the 
experimental collision- -preventer are given. Aeroplane, Aeronautical 
Engineering Suppl., August 5, 1936, page 177. 2 illus. 


Rain Static. H. K. Morgan. The problem of rain static, particular- 
ly as it affects aircratt. The disturbance is electrostatic in origin and 
is due to particles of rain, snow, or dust striking aircraft antennas. 
An electrostatically shielded loop antenna has been found to reduce 
the disturbance materially. Proceedings Institute of Radio Engineers, 
July 1936, pages 959-963. 


Two-Way Learadio. The new Lear Type R-3 radio receiver with 
the Lear-O-Phone gives a complete two-way communication system 
for aircraft and weighs only 23 lb. complete. Few details. Aviation, 
August 1936, page 46. 1 illus. 


W. E. Type 20. The new Western Electric lightweight three-purpose 
aircraft radio receiver developed at Bell Laboratories is a _ super- 
heterodyne with one stage of tuned radio frequency, two stages of 
intermediate frequency amplification, and two stages of audio frequency 
amplification, A device known as the ‘“Varistor’’ reduces large static 
noises when receiving weak signals. Few details. Aviation, August 
1936, page 41. 1 illus. 


Westinghouse Transmitter. The Type E R lightweight voice equip- 
ment for private-owner aircratt is rated at 15 watts when operating 
from a 12-volt battery, but will deliver 20 watts to the antenna with a 
fully charged battery and with the charging generator running. Brief 
description. Aviation, August 1936, pages 43, 45. 1 illus. 


The Airplane-Radio Expedition in 1935. F. Nebel. Tests of airplane 
radio equipment during an extended flight from Berlin to Greece and 
Turkey. The homing device proved its value and, in addition to this 
device, the long-wave radio transmitter was used for radio direction 
finding. Apparatus and flight described. Telefunken Zeitung, July 
1936, pages 69-74. 11 illus. 


The Cathode-Ray Aircraft Compass. S. Ostrolenk. Use of a fluor- 
escent screen as an indicator for aircraft radio direction finders is said 
to overcome many serious disadvantages of other instruments and to 
permit accurate night flying. Lissajou figures formed by loop and sta- 
tionary antennas give course indications accurately, Phase errors are 
immediately detected and corrected. The basic improvement of the Hefele 
system described resides in combining independently amplified direc- 


tional and non-directionally received signals at the indicator, which is 
preferably a cathode ray tube, in a manner which continuously apprises 
the pilot of all the necessary information which he needs for reliable 
directional guidance. Electronics, August 1936, pages 12-15, 45. 9 illus. 


Night Errors in Radio Direction Finding. J. Franchart. Errors 
occurring in radio direction finding at night, the Adcock procedure, 
direction-finding corrections, and the necessity for guarding against 


magnetic disturbances. Les Ailes, August 13, 1936, page 5. 


Radio Installation of the Airship Hindenburg. H. Behner. Radio 
transmitting and receiving equipment of the Hindenburg is described 
in the first article while a second article by Captains Wittemann and 
Pruss deals with the radio navigation of both the Graf Zeppelin and the 


Hindenburg. Telefunken Zeitung, July 1936, pages 44-52. 15 illus. 
Meteorology 
Long-Range Forecasting. F. Thone. Present weather predictions for 


more than 36 hours ahead seldom go wrong, according to the author, 
and two-week forecasts are hoped for. Investigations of long-range fore- 
casting methods being undertaken by the U. S. Weather Bureau and the 
Smithsonian Institute are briefly described. Science News Letter, 
September 12, 1936, pages 170-172. 2 illus. 


Balloons for Cosmic Ray Research. High-altitude balloons recently 
employed in cosmic-ray research are 16 ft. in diameter, and are pear 
shaped, consisting ot a sphere surmounting a 30-degree cone. Fully 
inflated they are 26 tt. in height. “Orange peel’ sectors are cut from 
transparent cellophane, 0.0008 in. thick, and cemented together with 
Scotch tape. Brief description. Scientific American, September 1936, 
pages 156-157. 1 illus. 


Flights to Study Adverse Polar Weather Conditions. Systematic 
flights made by Russian pilots to secure data on the possibilities of 
Arctic flight. Brief. Science News Letter, August 22, 1936, page 126. 


Armament 


Various Notes. The new French .23-mm. gun, which is mounted in 
an airplane motor, fires 800 shots a minute. Only six such guns exist 
and one is said to have been given to Russia as part of the French 
government’s policy of technical and industrial cooperation with Soviet 
Russia under the mutual assistance pact. Brief reference. U. S. Naval 
Institute Proceedings, September 1936, page 1340. 


The Precision of Fire Should Increase with the Speed of Airplanes. 
A. Bellot. Necessarily for increasing the precision of fire with the 
increased speeds of military airplanes and the methods of reducing the 
pernicious effect of recoil percussions which result in loss of aim are 
discussed. The Galliot-Bory muzzle brake adopted for airplane machine 
guns and for the large 75 D.C.A. cannons, the G.C. muzzle brake 
for the 75 cannon, and tests of such equipment made in other countries 
besides France are described. L’Aérophile, July 1936, pages 147-149. 


7 illus. 
Air Forces 


FRANCE 

In the Nursery of the Armée de l’Air. Commandant A. Langeron. 
History of the Ecole d’Istre pilot training school for non-commissioned 
officers of the French Air Force, course of instruction for the two 
years, and suggestions to rectify the three errors the author found 
there. A fleet of 450 airplanes is in use. Les Ailes, August 6, 1936, 
page 


Gyratory Deliveries. French authorities are thinking of, arming their 
autogiros with a fixed machine gun. An order for 21 C.30 autogiros 
powered by 175-hp. Salmson motors has been completed by Liore et 
Olivier for the Army of the Air and the French Navy is getting another 
four of the same type. The French Army of the Air has taken delivery 
of six British-built autogiros and the Navy of seven. More autogiros will 
be ordered if a cadre formation equipped with autogiros is organized 
in the Reserves. Briet reference. Aeroplane, August 26, 1936, page 284. 


Great BRITAIN 

No. 601 (County of London) (Fighter) Squadron. The three London 
Auxiliary squadrons are in the peculiar position of fighter squadrons 
armed to a great extent with bomber airplanes. The present equipment 
of the No. 601 squadron is twelve Harts, one Moth and three Avro 
504Ns. This year the squadrons have taken up dive bombing for the 
first time. History and training briefly discussed. Aeroplane, August 
19, 1936, pages 236-237. 4 illus. 


The Air Defence Exercises. C. M. McAlery. Preceding a detailed 
description of the Tactical Exercises is a discussion of the British Air 
Ministry’s explanation for the limited nature of the Air Defence Exer- 
cises of 1936. The problem seemed to the author to be not so much a 
shortage of machines as a shortage of pilots and he considers that 
panic expansion and consequent reorganization have reduced the effective 
strength of the Air Defence of Great Britain. Aeroplane, August 5, 
1936, pages 189-192. 7 illus. 


Another Reserve Scheme. New scheme to increase the present reserve 
of fully trained pilots to meet the requirements of the expanded R.A.F. 
A limited number of reserve pilots will be given a full course of twelve 
months’ training on appointment. Brief outline of scheme. Aeroplane, 
August 19, 1936, page 234. 


The Great Stampede. Reinforcement of the Royal Air Force in the 
Middle East and in the Mediterranean last Autumn in connection with 
the international situation at that time. Am account of the way the 
situation was handled. Aeroplane, August 19, 1936, page 233. 1 illus. 


Gas Masks for All. The sum of £850,000, set down in the British 
Supplementary Civil Service Estimates, is for increased production of 
respirators. It is intended to produce a sufficient number of gas masks 
of the most modern type to provide one or every member of the civil 
population. £32,500 has been provided for a civilian anti-gas school and 
£25,000 for two factories for the Air Raid Precautions Department. 
Brief reference. Aeroplane, August 5, 1936, page 184. 
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Across America—Blind. Pursuit squadrons, when climbing through 
clouds in formation, could fly more perfectly if the squadron leader 
were covered under a hood than if he had open vision and the consequent 
confusing view of the drifting clouds. Conclusion reached by Major I. C. 
Eaker after his coast-to-coast flight. 


Orders, Organization, Army orders during July to Curtiss, Lockheed 
and Stearman, Navy orders for 191 dive bombers and scout bombers to 
Curtiss, Northrop ard Chance Vought, and the selection of an Army 
air base in Alaska are discussed. The principal item to be considered 
in the selection of the base is said to be an adequate foundation to 
withstand the heavy pounding of landing bombers. It is indicated that 
eight such bases will be constructed in the country, each designed to 
accommodate a swift concentration of the entire air force. Aviation, 
August 1936, page 60. 1 illus. 


Technical Notes. The first six Seversky BT-8 trainers having a 
speed of 280 km. per hour have been received by the Air Corps at 
Wright Field. A few details of the Seversky BT-8 and pursuit air- 
planes and mention of the order to Seversky for 77 pursuits. Brief ref- 
erence. Les Ailes, August 13, 1936, page 5. 


Miscellaneous 


Federal Air Traffic Control. R. J. Probert. A national traffic con- 
trol system over 98 air routes has been under development for several 
months by the Bureau of Air Commerce and the air lines. Method of 
operation described. Western Flying, August 1936, pages 11-12. 


Reported causes of the 
Khartum”’ 
Aero- 


The Flying-Boat Accident at Alexandria. 
disaster to the Imperial Airways flying boat “The City of 
which dived into the sea and sank off Alexandria last December. 
plane, August 5, 1936, pages 178-180. 

Japanese Air Transport. Present air-transport services are described 
with an outline of the proposed scheme for improvement involving an 
expenditure of 250,000,000 yen over a period of fifteen years. Aero- 
plane, August 5, 1936, pages 185-186. 4 illus. 


AERONAUTICAL 


REVIEWS 


interesting 


Antarctica. L. Ellsworth. An 
National 


Ellsworth expedition to the Antarctic. 
38 illus. 


My Flight Across 
description of the 
Geographic Magazine, July 1936, pages 1-35. 


Trans-Atlantic Tripartition. Main points of the scheme for the pro- 
posed British transatlantic flying-boat service to Canada, which were 
announced in the House of Commons. Brief. Aeroplane, August 5, 


1936, page 187. 


Tropical Flights. ‘Medical Notes 
Flights in the Tropics and Sub-Tropics.”’ 
edition. Aeroplane, July 8, 1936, page 51. 


Buyers’ Log Book. Breeze multiple-circuit connectors built to Air 
Corps specifications, a new Prest-O-Lite aircraft battery of high 
capacity especially designed for transport service, and the Dardelet self- 
locking screw thread approved by the Department of Commerce for 
aircraft use. Short description. Aviation, August 1936, page 51. 


3 illus. 


and_ First-Aid Treatment for 
Brief reference only to second 


Fire-proof Flying Suits. Flying suits of asbestos material weighing 
under 10 Ib. Brief reference with suggestion that because of the 
insulating properties of asbestos, heating wires could be safely woven 
into the material, provided ways could be devised of gi the heat 
through to warm the wearer when flying at great height Aeroplane, 
August 12, 1936, page 224. 1 illus. 

“Diving suit” for aviators designed by Lieut. Colonel Her- 
eae but no technical details. 
1 illus 


In Spain. 
rera for a_ stratospheric flight. 
Les Ailes, July 23, 1936, page 9. 


Stress and Deflection of Helical Springs. R. F. Vogt. New stress 
formulas for use in calculating the stresses in helical springs of circular- 
bar and rectangular-bar cross section. They take into consideration the 
bar curvature, the pitch angle, and the bending stress. Design calcula- 
tions for tension and compression helical springs are also given. Transac- 
tions A.S.M.E., pages 467-475. 12 illus, 42 equations. 


Fixed blind-flying training plane in use at the Bureau 
Photograph only with few details in the caption. 
1936, page 131. 1 illus, 


For Training. 
of Air Commerce. 
Science News Letter, August 29, 
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Established as a quarterly—January, 1934 


Published bi-monthly in 1935 


Enlarged in size and published monthly * 1936 


HE JOURNAL prints papers of 

scientific and technical interest 
to members. In general, it provides 
an opportunity for members to pub- 
lish articles disclosing new knowledge 
and new applications in the field of 
the aeronautical sciences. The Jour- 
nal prints a few complete professional 
papers in each issue and a larger num- 
ber of short notes and critical com- 
ments. The Journal restricts itself to 
the aeronautical aspect of advances in 
science and engineering. New knowl- 
edge in physics, metallurgy, meteor- 
ology, etc., having aeronautical appli- 
cations is reported and discussed in the 
Journal. Papers read at meetings of 
the Institute are presented in full and 


digested. Reviews of aeronautical 
literature and a digest of current air- 
craft books and magazines form a sec- 
tion of the publication. The news 
of the Institute is furnished members 
through the Journal. 


There is a limited supply of the fol- 
lowing back numbers of the Journal 
available at the prevailing single copy 
rate. All other numbers are out of 
print. 


April, 1934—Vol. 1, No. 2 


March, May and July, 1935 
Vol. 2, Nos. 2, 3 and 4 


February, 1936—Vol. 3, No. 4 
and all numbers following 
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United States and Possessions 


Foreign Countries, Including Canada 


Correspondence regarding subscriptions, etc., should be addressed to the Editorial Office of the JOURNAL 
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INSTITUTE or tae AERONAUTICAL SCIENCES 


AIMS 


The Institute of the Aeronautical Sciences is organized to promote the applica- 
tion of science in the development of aircraft. By grading members according to 
their qualifications, recognition is given to outstanding professional work and an 
incentive is provided younger members for the investigation of new aeronautical 
problems. The presentation and discussion of technical papers at Institute meet- 
ings afford members opportunities to hear and meet the leaders in the various aero- 
nautical sciences. Through the Journal of the Aeronautical Sciences, members are 
provided with an opportunity to publish and to read of new knowledge and new 
applications in the field of aeronautical engineering. By including in its member- 
ship the leading aeronautical specialists in other countries an interchange of inter- 
national thought is made possible. The continuous improvement of aircraft depends 
on scientific research and engineering experiment applied to design. The Institute 
desires to bring together all specialists contributing to aeronautical progress and, for 
this purpose, is keeping the dues nominal in amount, in view of the fact that prac- 
tically every specialist already belongs to his own special professional society. The 
dues from members do not provide funds enough both for publication of the Journal 
and for the Institute’s other activities, the difference being made up from funds con- 
tributed by benefactors and by the aeronautical industry. 


THE SKYPORT, the headquarters of the Institute, located on the fifty-fourth floor 
of the largest office building in the world, provides members when in New York 
with a convenient and attractive meeting place. 


DUES 


The entrance fee for all members is five dollars. The annual dues are: Associate 
Fellows, $10.00; Pilot Members, $10.00; Industrial Members, $10.00; Technical 
Members, $5.00. 


APPLICATION for MEMBERSHIP 


Application for membership forms may be secured from any member of the 
Institute or from the Secretary. An Applicant is required to furnish the names of 
several members acquainted with his professional work. The Admissions Committee 
recommends the grade of membership to the Council which, in its discretion, may 
extend to the Applicant an invitation to join the Institute. 


INSTITUTE OF THE AERONAUTICAL SCIENCES 
5431 RCA BUILDING 
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NEW YORK 
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